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ABSTR_,kCT

The development of CD-RO.M technology has produced significant ranifications

For mass storage applications. The CD-ROM's read-only nature and its ability to store

over 500 megabytes of data on a single disc will eventually revolutionize the historical

and archival database industries. The U.S. Navy is particularly interested in the space-

saving and weight reduction capabilities of CD-ROM as compared to the current

magnetic and paper media. Adaptability and feasibility are the primary issues to be

faced when considering the integration of CD-ROM into U.S. Navy applications. This

stuv addresses these issues and determines that CD-ROM will play a significant role

In t1e Navvs efforts to create a "paperiess ship" by 1990.
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I. INTRODUCTION

A. GENERAL REMARKS

CD-ROM, Compact Disc Read Only Mlemories) provide computer software

applications developers with intriguing possibilities of making hundreds of megabytes,

even gigabtcs of data readily accessible to personal computer users. Such massive

storage capacity opens tip new realms of potential applications for microcomputer-

software developers.

The CD-RONI has a thousand times the storage capacity of a floppy disk. In the

conupu:cr industrv. we often imnprove things by a Factor of two or three and the new

'ns are considered evoiutionary. But a one thousandfold incrcase in storage

capacity enaaies us to create rich and multifaceted new applications. (Gates. 19So. p.

X,

Furthermore. a floppy disk can store only a few seconds of full motion. full

screen color video, whereas a single CD can store as much as an hour of such video

Miages. The floppy can store only three seconds of high-quality audio, but the CD can

,tore an hour. It is this remarkable power of the CD-ROM disc to digitally store video

inla,_,es, audio, data, and computer code in any combination that emphasizes its vast
p o c t ia 1

CD-ROM technolog? is derived from CD audio technology and uses tile same

basic drive mechanisms and disc manufacturing processes. Because of this close

relationship, CD-RON! player and disc development has benefitted directly from the

technolocical advances and cost reductions associated with the rapid growth of the CD

a,dio industrv. Einberger, 1987. p. 31)

B. THE TLOCD SYSTEM

Transction Ledger on Compact Disc (TILOCI)) is the culmination of a U.S.

>-: \upportcd thesis project conducted in the spring of I9S7 at the Navl

Vi-.Z,'J ... t o ,SLohOl in Mon tere. CGJillbrnia. It involved the trani sfer o1, ,onie

, : rca.rK> c Ln tai:ino h istorical transaction data from a magnetic tape n',ediu:m
:' : (AI)- ON! dic. Ihe records represented all transactions conducted by the Na'.al

Scpp> Center at Oakland. Calif'ornia. for the months of'October and November Il;s,.

Ie records were arranged into three types of' liles according to their particular



ou *.ndaJcaait'oil 1rd 1r C he Audit ira "I CS co n;: St ') il"-1'Cl

* Rabrcn2 Tc :~ooc~ Inc. of' lBoundcr, Colorado, xis taskedl with li i~~

S,::,v1ar2c to bne~cuxtwen I BNI coirpaitibie pc.-soiial comnputers mid the CL;SIX

Dazar-v Scries 500 udsc plavcr mianufactured by H-itachi. A list of' the hardwairean

so.:x.:r:n:>Ilvu-~ i by the TLOCD svstemi cani be I'ound 'i Iable 1.

TAB\i I-, I

T(1)I 1,\!\DV,.1\RE .\NL) SO[:TVA1\RE C0NFIGL'R.\TIlN_

Zenith Z-248 ?C (IBM PC/AT Compatible) with
* -20 Mbyte Winchester Drive

-1 360K Double-sided, double-density
-5 1/4 inch floppy disk drive
-640K RAIN
-Intel's 80286 16-bit Microprocessor
-8 MHZ Systems Clock

Zenith RGB/ENHANCED COLOR MONITOR

CLASIXtm DataDrivetm Series 500

SO'9FT WAR E

Standard File Manager
KyRecordl Manafger

Application Spucific file access software

S6

'Sl 1 01l A 2 i.a.ci

*~~~T Oil I-ICI 1(1 M;ti ;I:ats) dc:l

V.jj t1,



.. *'.~1, lL(n) l~~ :c~c oIr: a nlc th-RO Lin w:a~Kll.( )l)c

1L.UCD1. z cvvr he 11ser never actaa~1!,lia zI o k11now %%iether the .ita : \torcu'b

c~' 11c na,11eas or wneitheor It rc, :ds on a CD-RONM.

C. OBJECTIVES

I- nlcss the, b .. "t ructures Cor a CD- ROM application are design-Cd carc, Ufl. the

a~thca~ons orforrnau c is likely tLo suiler. Typic aliv, poor CD-RONM peribrnunce is

W.V. ta~"c ruzot' tiesrcuedesien that re~cts nuen-etic-disk think.' A\rrlicaioii

'31ccr lctn t:end to anpliv rules 01' thunib1t learnedC~ 1'ron1 WOrk"Tne wXIth) maet.-ci
l-) u.ns-cId ' i one neds to locus on the unique strengths and weaknesses of' the CD-

RONM. Zcclik. 1,N). p. I7

c0 uro n '-c 1,-,s 'ancr to) cxanane :h1Ce trno and Acke e :iI FhIe

rcc ~i a.. insto be con-sidcrcd bv ftiurc Na'.v rs:chand develonnent nms

* atr~ ppliat~ons . Addiiona-11. the 1leasibmatv and adaptability of' CD-RUN!

tecnobcvinto U.S. Nay nvironrnents will bie addressed. The TLOCD prototype Il

!-,cf'rn throughout this report.

S%



I. W - u

It. CD-ROM OVERVIEW

A. GENERAL REMARKS

(:)-\O\[en:v~s trcleendous le\ erace based from the success of' dii udio

Both products use thle samec 12 centimeter plastic disc for storing data, and both

enlv h am te baoluMarelat in and playback techrnologies. CD-ROM thus
C:0"i il vouml-lClaedcost savine,_s that have driven down the prices of'

JI~tLauio'1 ani inade it SO Popular and affordable.

The raw spcfctosof CD- ROM are staggeriniz. A single 4.72 inch disc stores

-. ~ ~ ~ ~ ~ c o.3' m2xte . thle cclucivulent of- I .5()( tloppy disks or 2S 20metvehard

U1, Is T-at 1 2[ p)s-' ook--wh'jole encyclopedias. Yet anly piece of'

* m~inon the dis;c can be located and displayed in two or three seconds. ( DeTray.

B. PHYSICAL FORMAT

The CD-ROM's phy-sical format is defined by a standard developed by the

Plilirs ,.nd Sony corporations and is an extension of their compact digital audio disc

stndr. owkever. thi's diZtaudio parentage also constrains thle CD-RO.M to an
'1;1,..*lrCresSIve random-seek performance. In particular, the underlying digital audio

tormat results In a dlata formiat thiat is based on constant linear velocity (CLV)

Most rnuenetic disks use constant angular velocity (CAV) format. Fiizure 2.1

hosthle sec tor orLeanizatnn of a typical magnetic disk. Note that the sectors on the

iP fcr t I-rs are smaller than those on the Outer tracks. Trhis is because CAV is

.cr way o1 siine conlstanlt rotational spced. With a CAV formiat, the inear

0 :~;of' tuie disk surface relativec to the disk heCAd is areater on the outer tracks wvhereZ
- ... cicumfcrenice is Lnreater. The11 Outer sectors are also physically larger.

v 2. ut til te (TV I.sc(_tor Cormat cf I (iI- RO NI. The reki tic ,ricsped of'

at a d ij lc eud stays thle Same, Ceen as thle head mIoves away !oI-01 tilie

0 :.n::: \( I-1, l() i In maintains this constaint linear ' clocit\ Mw act u-11v

s tI naI as tile head moves train track to track. [Ihe ('I,%'

* noa rc 2 ts i s~cu rsat ej cl lcL Ii The actual numbeir of' sectors ecouteeIiC

11:!1'_,;111 roa t an r al-cs trorn aba Lt nine1 0on thle Inside of' thle disc to about 20) an the

12



ITRACK0. SECTOR I
TRACK 1. SECTOR 0
TRACK 0. SECTORO0

* source: BYTrE, Mav 19S6.

Fioure 2.1 Sector Organization of a CAV Magnetic Disk.

-'outer ede-e. Thecfore, recording must be done in a spiral rather than in a series of

* cncnt~erinLs. Recordinz beamIs at the inside of the disc and spirals outward.

*The gzrea-t advantage that CAV recording has over the CD-ROM 's CLV format is

ia the,, CAV oraanization makes it easier to find the beginning of a particular sector.

Suppose one wants to jumrp to a specific sector relative to the start of a file. With a

CAY formnat, where each track contains a fixed number of sectors it is very ea syt
mraa~at thi reativ setor umbr inoan absolute track and sector addrcs-.cier

0 %mn tackn and sector address of' the start of the File.
- ~ ~ ~ ~ .T. Thre 'sn ipe ic relationship between a CLV track and thc numbecr of

-sctors on the tracIK, Theliref'ore, tranislatine2 a relative sector number inoan absolute

trak nd sector addjress is more complicated. In addition, hecad movement mu1Lst be

*~~' acomane bti-e irieclianical process of' speeding up or slowing dow n the rotational

ZCIJ theois.:cthcr these account fo r a iiijor part of' the CD)- ROM!'s rel atively1

orn iein locatiriei the dcsircd track. The time required to find the begirnII)L

a! a atkrtukis ref-erred to as seek time.

.113

x%



SECTOR 20
SECTOR 11
SECTOR 4
SECTOR 0

Source: BYTE, May 19S6

Figure 2.2 Scctor Organization of a CLV CD-ROM DISC.

On the positive side, CLV rccording makes more efficient use of the disc surface.
Rdzhe thani spreading out data on the outer tracks as on a CAV disk, the CLV formiat

P "c. thle data on thle outer tracks just as tightly as on the inner tracks. As a

1Z ,, .t II

consequence, a CLV disc can hold much more information than a comparably sized
CAV disk. From the standpoint of audio recording, where the primary modc of access

is scquential, the CLV format is ideal. It packs the maximum amount of music on a

disc witlout exacting a performance penalty. However, when you build a data format

cn top of this audio format, you pay for increased capacity with decreased seek

0. performance. (Zoellick, 1986, p. 178)

C. PHYSICAL ADDRESSING

I CD-ROM's CLV format rules out using the familiar track and sector

.- ",, = Tcheerns used for most mnagnetic disks. Instead, the CD-ROM uses a

,c:c:ne ia, can be traced directly to its audio background. Each disc is said to have 60

r.n"i:.utes' worth of data. Each rtinute is composed of 60 seconds and each second is

:mUe i of7 sectors. A sinele sector can hold 2K bytes of data. Therefore, the entire

" 14
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:. I: , K \ ' -5 2,) bvtes.-ihe ori'n f the dise is sCC ed as
.eo zero S

.\nniication developers need not worry about the physical addressing details on

CD-,RONI ,. just as they do not concern themselves with such details on macnetic

-. media. The operat ing system will convert the plhysical view into a logical view. allowing

h disk to be recrded as a collection of named Illes rather than a collection of tracks

and sectors. Laser-disc operating systems provide the same type of support for CD-

.- ". RONIS.

D. PERFORMANCE MEASUREMENT

Good CD-ROM software design must reflect an awareness of the CD-RONIs

weaknesses. in narticular its poor seek performance. Table 2 compares a typical CD-

.- RO) lv %rv[11 th two diit'rent t,pes of magnetic-disk drives. The conparisons include

seek perforruance. and data-streaming performance during a series oi

''. ,ential reads of contiguous data. The sequential-read performance on the magnetic

- disk assumes an interleave factor of live meaning that it takes five disk revolutions to

read all the data in a given track.

An average seek on a full CD-ROM takes five times as long as on a 10-megabyte

hard disk. When compared to a high-performance magnetic disk. there is more than an

order of magnitude of dfToirence in the seek performance. When designing sotrware for

a magnetic disk. a major effort to avoid seeks should be made. Given the cost of seeks

on a CD-RON!. even more stringent measures should be taken to avoid an average

seek. (Zoellic Bill, 19S6. p. ISO)

However. Table 2 demonstrates that the cost of a short seek coverin only a few

tracks is relatively snall. This is because the CD-ROM only needs to move the mirror

used to position the laser beam on the disc. It does not have to move the sled

montai:n the mirror, lenses, and other parts of' the disc-reading mechanism. Instead,

* tilC !aScr hoUnces a pinpoint of light off the CD-ROM's surface, which consists of a

nattern of submicroscopic pits. This information is converted into a digital signal and
:.:Q. 'c a a av i optical d. sc drive.

'I h 1, har t'; betwveen the cost of a short, local seek and a longcr one is of

*. ,:2::,:,at :'-:porrt~nte. It ans that evcr apportiunity should be taken to minimize

- ":.c ni.:,caI distance between parts of a file to -e used in succCsSion. Since the ()-

P , ()NI ,equrctial-read performance as shown in Table 2 is very respectable. reading a

of'e ck of data does not cost that mLuch more than reading a short one. 'he

cst iS in locating or findih-u the block.

V ,,
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TAIIIF 2

SEEK TIMIES OF CD-ROMS VS.NMAGNETIC DISKS

CD-ROM Average mscrocomputer hard disk

*Capacity 540 mnegabytes 10 megabytes
Number of tracks

Per read head accroyimateiy 18030 512
Tac k-to-t rack seek 1 ms 3 ms

,l ,-Average seek 500 ms 100 ms
*Maximum seek 1 sec 200 ms

-Rotational speed acoroxima~ely 300 rpm (variabie) 3600 (pm
Average latency 100 ms 83 ms

!or secuenwiaI -cad 15OK o1~c93 'ts'oTranfiK b'ate:c

Source: BYTE, May 19S6.

E. CD-ROM BENEFITS

11Xc CD)-ROM' s adequate SC(qucnttal-.read performane and its ability to rapidly

5 C k over teranize of a few tracks arc Important to thc dcs-ieni of nood softwvare. Its

;11(,;, befilCharacteristic is tha.It it Is a road-only mecdium. It is netterasalile. For

ar,:ctot d ldlnUl scure storagc of original verions10 Of valuableC dOCutt Ies

ilntt ces. or da;ta, strennzis, the primary advantage of nonicrasibility is cvident: onice tile

d,1: taI arc 'cordel, no0body canl nlo0dif\ or- crasc themi short of physically destroi Ing the

iNj acre. I QS-4, p. 72)

V-va other benefits arise fr-otii the fact that a CD.-ROMI has a read-otilv. ftutrc.

Ii :i. zl ore ai-e never any concernis with insertionis, dcletiotis, or mil lica tie tIs*

11rirhrV.-iiea bi)llder ol a tree, thre m1ost f'rcqueltly1 uIsed records can be placed in lie
tile aarstth oos ecus tle-are never to' d cot s of'

st tlc rols 1ccase te gfig tochange. S ecorid

-vi ingnra readinig are riot equally' balanced. A CD)-ROM is wrttenI 0n1y once but J

% ~rc i] ove,-r ani over azain. Therefore, more tinic and effort should be put into the initiald

* ~n~sructonof' ilcs and index"es in order to obtain thc fastest retrieval poscile.

7r:Cr,-1 I'.r ! U Iu 1 iii t Ii c fil an iid in dex stuctures is often done on a Ia titer macfriire.

-iC:ac:c~riealis miost likely to be doaic oni a mnicro. If expenisive tasks such as

:111 vis-ad tcext formatting are ncessary, it is better to do themi once w.ith the

0.16
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.~rcr ccn~oa:cr bc;c re cretiac ~he disc. Data for a C[)- RON! are nor:~taK; u'ed

bar Are usua!Iv picrx~re d in a batch-processing mode. Th.s prox ides more

*~cent~ve :0 do as much work us oossihle whlle still in the writing stuoc. Sec Table 2 tor

~ier CD-RON! advantages.
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TA 1;BLE 3

ADVANTAGES OF CD-ROM

" PERMANENT/DURABLE: It is an excellent archival medium (currently Sony
disks are guaranteed for 50 years.) Also very rugged and able to withstand
adverse weather and handling conditions.

. NON-VOLITATILE: No loss or altering of data during power failure or surges.

* LOW COST: The 'per MB' cost of data is less than any storage medium.

0 EXTREMELY PORTABLE: The media is remov able and offers portability of
data.

0 CURITY: Physical control can be maintained easily and thus large
quantities of sensitive data can be controiled. Also, the possiblity exists to
manufacture the disk out of glass instead of polycarbonate material and thus,
for military purposes emergency destruction could be easily accomplished.

- SMALL PHYSICAL VOLUMEiWEIGHT: Easily carried, or mailed etc, at a very
. reasonable expense.

. NOT ABLE TO BE ALTERED: This media is Read Only Memory (ROM) and as
such, it is extremely useful for audit trails in the legal and financial world
where magnetic media have not been allowed as evidence due to the
alterability of that media.

-. • ENORMOUS DATA STORAGE CAPABILITY: Up to 600 MB of data on a single
side of a single disk which is only 4.72 inches in diameter.

0 USER FAMILIARITY: It is simply another PC peripheral that, to the user,
looks just like a read only MS-DOS etc. disk. Also, the average user has had
experience with the same physical disk in the CD-Audio environment and
therefore feels more comfortable with it all ready.

* . -• BACKUP IS ELIMINATED: There is no need to backup the disk because it is
ROM. For safety sake, mulitiple copies can be ordered at the time of disk
pressing and stored in separate locations.

* ELECi RG-MAGNETIC PULSE (EMP) HAS NO EFFECT: This is not a magnetic
media and therefore any sort of electro-magnetic energy has no effect on it.
S NO HEAD-CRASHES: The read-device is optical and does not contact the

disk in any way, therefore, head-crashes are virtually eliminated.

r"A
-A-%

Nj-.

6- ,i,.rcr: I'i,J The.-iz, p. 26.
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II1. CD-ROMI APPLICATIONS

A. GENERAL REMARKS

Tic basic technology for read-only optical discs was developed to distribute

movies and high-fideltv music. Consumer electronics companies spent hundreds of

nlmlions of dollars over the past decade in Europe. Japan. and the United States to

* '.- a' ,ie the,2 videodisc and audiodisc inexpensive, reliable, and lone lastine. ,\s a result.

data distribution on CD-RO-,Is was a natural and direct extension of the basic

technology. (tiensel. 19S6. p. 457)

I:ormatiofl users who have access to a micro,:cimputer and optical disc player

O e to accc:ss entire collections of databases that have been piaced on CD-
..-RON[. The resulting savings are sienificant. Even if there is no other reason fbr buyin

*e t'en'icrocomputer and disc player. they pay for themselves with a Few hours of

activity per week when the alternative is online connect charges. However. much

reater savings are possible. The Internal Revenue Service has begun a project entitled

"File .Archival Image Storage and Retrieval" which it estimates will save as much as

i million annually in storage costs. (Contract. 19S6. p. 18)
St

B. LIBRARY APPLICATIONS

CD-ROM library applications are essentially of two types. On the one hand they

are designed as support tools for library automation activities. including traditional

book cataloging and local public access catalogs. On the other hand. they provide

inexpensive around-the-clock availability of databases previously produced in paper

rmat. N.elin. 19S7. p. 509)

. critical problem often faced by librarians is the growth of their collcctions.

cspcci,,," the periodical and resource indexes. Increasing volumes of new data. in both

.'r:It and microform, have meant that increased s 'ace is needed to house them. The

-1'. 1: c I)- RONI to store 1u,,dreds of thousands of' pges in a limited lpace is very

i ' ilis %crt: rea en. The medium is practically indestructible, Not only can

I oks be torcd on d, c. h-it rare and frag ile documents, nlever bCl re made

" tthe public, can aIo be ,torcd in their oriinal form without concern that

-: I dunaed or destroyed by patrons.

P)
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a Ur :, Ik\c t'cd has Ial v proxuccd a \crsio n of* the lai cLUic/H mc)rik (it

011.CUao 0cn :ai "USc.. \i.o, the Librar\, of' IoeeS CLETs1 crnlycon dtitm_ It

rcc:al or-tical disc pilot programn that includes rapid lhih-resolution scannn, storage

and retrieval of imlaucs of "ournaI titles, law inaterials. manuscripts, shieet miusic, miaps.

and te,,h-iical recports. The British Li1brary is experimenting wvith the development of'

* eru'c,_raphi 11les on CD-ROM1.

Moreover, Sol'tware Mfart. Inc. (SM I) has developed an illustrative dictionary

'.v~th voice annotation on CD-ROM. It is called The Visual Dictionary and could propel
-~i., traed consumer dictionaries inoforeign langtiue training vehicles. (Kuhin. IQ98",

C. MEDICAL AND LEGAL APPLICATIONS

1t canl be ar'.Zucu tha-t whiere knowledee, Is concise, it should be delivered in a

cccse %vay. T!his is rartici..arly applicable to clinical, action-oriented knowledge.

Ii t 1:tn.I9SO. P. 521) Nficromnedex. Inc. has applied this approach with considerable

* success and has produced thle first medical inflbrmation product to actually achieve

commercial successful distribution with their "Computerized Clinical Inf'ormation

Syst-m- (CCIS). The application utilizes highly structured menus that combine easily

underistood screen displays to bring clinical management protocols into the emergency

roomn with remarkable speed and precision. This design is successfu] because it

rLcoanizes that the emecrgency roomi physician or poison center technician is not

wor.kng in a contemprlative environment when hie or she hias need for the product. Onl

the contrary, there are a multitude of distractions. perhaps even a life hanging in thle

balance. Consequently, the information must be delivered concisely and accurately

xith no timie for discussion or debate. (H-unitting. 19,S6, p. 531)

The wvorld-wvide use of' CD-ROM in the medical -and health fields continues to

I-~v The Canadian Center of' Occupational I Ical-1h and Saf'ctv has inc orporated thle

* Lagestpublclyaaiable chiem-ical database onto a CD)-ROMd anid has Included it in its

cff,-rts to improve data distribution and employee saflety programs. (Abex'tunega. 19S7.

Vtartc:sanid taX aIccounItants must reviewV a tremendous amlount of' reference

0. r:11tim lt mac' be relevant to thir clients' legal or tax neceds. Equnipped with an

C 2rc c1;ilcr rr: at tlhci r 1 inuertips. a ttorneCs andd tax accoLuntants areC sure- to

.5 >1 it cawicr to track dow.n anid review~ material and thus Improve their ability to servec

t:-c~ r clicnt' . (C)- ROM\ is an ideal mnedium f'or many legal applications dealing with

>2 . ttte. case histories. legal Fbrnms. anid patents.
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D). (. RJIO;R.kPHY .XPIPLICA FIONS

D-R)\can stare co COI-jCtC d'IT'[ l 111a; of atexStreet n1 New : t laa

1,:~i uIlcn IIIl Itow rotatn equivalentl to 3( II) uniabridged co pies of' V obv Dic; ,. The

oa~c mp tl ormation01. Judiciously compressed. amounts to 120 to 150) bytes per street.

-l", ("I nera:Cot10 i te U.S. pop)ulation lives on about one nihion streets represented

Ce'nsu. uas files, a simolte extrapolation allowing for rural streeCts that
-xigi i mre than their uriban counterparts. vields a nationwide digital map that will flt

on a singlec C D-ROMI. (Cooke. 119S6, p. 560)

- It would be more appropriate to publish regional or state discs supplemiented

withi a wealth of' informnation targeted for specific markets. The business edition, for

examiple. would contain a list of' aill companies in the region indexed by both Industrial

~.:u:0"Iand L-ogrlhic location. Te Ihniuly edition would1 hedaa about

tou ats turst atctos soppint- centers, stores, and mnuseums.

DeL aroe %lapping Systems of' Freeport. Maine. has stored DeLoruw 's Foi id

.o/a n C7D-ROMI. Also, the Compaq Deskpro S'S6 displays maps of' the entire earth

rom, one laser disc in conjunction with a personal computer (Vizachero, 19S6, p. 58).

LaserPlot. Inc. has p--roduced the first CD-ROMI-based position tracking system

[or marine navigation. It displays full-color, digitized 'National Oceanic and

\tnios pheric Adlministration (NOAA) charts in various scales (Belanger, 1987. p. 13).

E. U.S. NAVY APPLICATIONS

Current inivestiLcaion into the interests of CD-ROM technolovev in the U.S. Navv

revealed a N:\ VS EA, sponsored project entitled 'Computer-Aided Technical

fformation System' (CATIS). C.ATIS is primarily involved with the placing of

cocineering tchInical manuals for the Trident-Class submarines onto CD-ROM! discs.

Furthr incstiization discovered an ongoing project at the 'Naval. Ship Weapons

vtenanineerina Station (NSW\S US) in Port I Iuencmie, Calif()rnia. The project has

* ce abibcd " Lgine lerilg [Data Mlanagement I nibrination and Control Sys tem'-

i DNI IC;S and is Involved withi placing engineering diagrams onto CD)-ROMs f'or Ilse

.ata'or1 1ourilI~ilitieS. (Lind. ITS'' 00')

I ~u.c ( a ersic a Tech11naloLies has Ibccn wx~ardcd a S 2.5 million cotitract taor

41 r1naee T ,;ooC. uccn scr%!Ccs for the NvlPrint on Demand" l.tn.I(i1 wIll d igitwe

),I-S m:enXI pa ' aesofilitary' spcifIcations, to he -storcd an two SI -i,-abte

cal', ic irr unitS. [IfT'S manaLMCemet systM Will be uscd far storace, indexiMne.

:,'I, Ae ~' l Of' ail documenC1ts to be printed. whilc its ordcr-entrx' systemi will be uIsed to

21
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ar.r na 'c: m' ai.ministrative opcrations. The anPptdprintilh- VOILflMC

. 2a.~agcs:~cr aY.;th a reqjuired turn-around time of' two days. (L md 1 9S -. P.

oI)
The Nav is Also conductinu research on CD-ROML technology at thc Naval

PosteraduLte SChIool in IoIIterey-, California. The thrust of this research is concerned

5''.' i the adaptabilit y of' systems such as the TLOCD prototype addressed inthe

introduction of zhis paper.

% %
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IN'. THE TYPICAL CD-ROMI DATABASE

A. DATA FILES

1.- Data Records

T'he purpose of any database is to provide access to its data records. The data

records in a CD-ROM! dataibase can be of either fixed length or variable leng-th. The

ma ~mn~Size of' a CD-ROM! record is 2.1-4-.183.0-47 bxtes. 61ut there mlust be a

memoC1lrV bu1ffer large enoLuh for the laraest record to he read.

2.Data Records and Keys

:C. LI . -Ien oth1- byvte strines %vhich are orcan-mZed Into indexes -.j 2ro,.;o
S:a e.u rcrs Ke'.s do1 not hlave to !be physically conltained in the" data

rcdsand the structure ofC the records need only be 'Known to the a-,pication

* 'o ram Ilowever. if thi. keys are contained in the records at fixed ofisets fromn theIr

rk.-innina then this information can be stored in the index headers, thus allowi na them

to bie accessed by application programs.

3.Data Records and Indexes

Data record keys are arranged into indexes. Indexinulz makes it scem that the

records of' a data file are arrangoed in the order of' the key-s f or that particular index.

Because multiple Indexes can be supported. thetre may he as many orders to the record,'s

4. Physical and Logical Data Files

Files of data records are provided by the information publisher. For example.

zl.e avlSupply Center in Oakland provided Rctfcrencc Tecchnologzy with the data
r~ rasCUuL1rcd for the TLOCD project. The TLOCD application can handle up to 3

%V* L:. " S~ whic is .teit iposed I-) the Reflerence T'echnology file management svstem.

f~~c~e tlscnhplcdoeihroical or magnetic dev ices or both. All the physical
::,\ ~c ou~al cocaenacdto lornii a sim:c locIcal dlata file, and the offs'ets inI the

''~r'' o cil'e ra'nt tlte hei1,ic f this; Ineical ieAlnid updatec

a 't.c,ai b~e sa'pord ith ntiutirle datai files M lozicallv appenriie- new data

2 11ka:is and cratt ew indexecs !V ir the resul-tin e o ical dalta lile.

% ~ ~ ~ ~ ~ Im p. .
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Ke':s cr1,r used to gcticrLte key records. Keys mnay beASCII char ac.cr \trflng.Z

'~'~~ edbyt strns n osi sigLni1 icmnt byte '-irst (e.g. I l-uAii :S(Z (, or

ULW 11D ICtext. siuned ~neeswith least significant byefirst (e.g. IBM1-PC andl VAX

nt ---cr .,kr:~szc %VIecer !CIlest sbzifcanbte flirst (LI3NI-iPC and VAX

2. ev Records

Kc%-:C:ords "re the), un1its from wihindexes are C ormed. The%: contain a key

ilc~u, to w,-hich othecr informatr11oninluin the record's location in the data (Ile, is

c -1.' Fig:ure 4. 1 suntmiarrzes the locical structurc of' kcv records coninilodl by

K R 111 ro %t r dnujIt

1: 1 1I 1' ;x lfU 1 1J CiI /C( 4 2(,.e-

-~~~~~~~~ Illh .2 :~k i111 r K c\ .r

*~~~~~~1 U. "'~ II2.IILC.2I hC Used lop2InIl

I\ , ~IIC I h ir ha~l tahle

v R. c. ne eord Nfan r p. I.

[: ue4. 1 K c% P ccr rL o cical Structure.

rcc~s eara[KO01iOI:1 1caus it can1 be calculated Iro fL) thI "'" t

6 '2: exv.o a rccr . I::: .:rc- ar.! nub i neede, d oniv for lahrhoL~

- . .1.. .2; .2::x2:~:0 ireol f a the :i0un 01 :1 1CLi.0a I

........................ I )a',ie ecud~ re 2u'vc1l. ~ re ortedl scwondatrily w

%2 %
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C'r ratizito Kev Record rcFi>:IeCDI)NI:auhtrr rH tedt

u~i ~hr.i a ue~sOn should re based Onl thle structure of thle data records. It' the Rev

illocton~ a cata :ccc-d. the 'ev. reC:crd s canl lie enerated automlatica!..

* v:heUscma~ufctuer.Othrwiethle Rev re:cords must beprovide b thle

C. INDEX FILES

1. Indexes
I -ixs re created boy putting sorted key records into -n index. Each kev

Moe : ro.C\ access to the data records in the order of the key records that comipose

:: K: ecr, or an index :-nav b-e arranee-d in eliher aiscendine or descendine. order.

.:.:a nde. Sbsec n Revindefxes aire assizrned intce-rs iocemiinei wih one.

Thec Re'; records,;in t he dat,.a index contain only thle byte offsets of' the dt

*re:ords in thle lo-zical data file. Since the data index is keyed by the record offsets. it

lrovideCs sCuLenti access to thle records in the order thev were received by, the

* mnul"facturer. The data Index for databases with records of fixed lenuth is normally. a

~ruiindex. I-or databases with record's of variable length. a balanced-tree Index

coi~innethe record offsets is created. This makes It possible to find a record either by
* suenia poitin n te squnceofdata records, or by byte offset in the logical data

T hc maxtmnum number of indexes to a Ref'erence Technolozy database is

_ 4S "() 1. 1 lowever. the number of indexes which can be accessed at one time is

* 1:nItute by% availabie mlemnory allocation. Each open index in the database requires

,.,~aor ~o anIndex Control Block (S9 bytes. plus 12 bytes for each level of index)

Sirecord bul"Cr. ;\s urflnne twvo-levecl indexes and 32J-yte kev records, an

I1 N PC with 381 Kbvre of' avafIablc memorv could support 27 11 open indexes. tKey.

I !ash Table I idi'.\es

~ tees 'ort evact-nratch Rev searches withi at mos t onec
-- ~~%%i I ' n:;c"' e.odr' 1rauire tt 010 st twvo disc: alcc llcs. Parl I-

'up rted. ot wfre apro\ intel twice as IIanyl seeks as
ear tr '-V t U!o the numbe11,r of' index pacs In thle hiash table. (Key., )bp



- ~ re.ru-~ . a ha' ta'I'Vae exteC!e to includec a kCy orucrreor
A~'r \.rZ -::Cec a'e: ''~e to il ha il table to aLmv 1ost joIn

I r....orcr vta::ic o01'ed ta SHmeic au~aitionai disc access, and thlerenv allowinel a

7ata~ ~cach efthe ah e for -partial nmatcli';.

S.Balanced Tree Indexes
.\ Uat ,d tree" Ifor ecca 1ne1 s pr d c d b placing key records in fixed-

len:> nde paes.whih ae aranedin a tree so that Cxa~ift tile records i

tnace at' thIe trcce at one level tells which page to examine at tile next lower level. Since

tn~e:sonyone pa-e ait the top level. only-, one page on each level needJs to be
-~examilined, to locate a specilled key.

D. CONFIGURAkTION FILES

.\ cai~aralon: ecana tfile tue specjii1cations 'the complete volume, pathi.

_C)u 0a1 atCaca: of h data ties and index tilecs that ake up a database. !ts

I.;" 0 1 Is a 11P tla correspondecnces between index identifier"s and tIle

0 ph; Sical indexes. Perf-ormance considerations may request certain index files to be

con ed to a maLmneic device. For this reason, a configuration file contains only

-rintable ASCII characters. This allows the use of a text editor to modify the volumes

or rnaths 'in a MacnetIC copy' ofa conficu'Lration file. (Key, 1986. p. 24)

* 4.0
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V. KEY RECORD UTILIZATION

- A. KEY RECORD MANAGER

K,'v Rew, rd ./z;zgr is a software access program For tiles with structured fields

and records. It was designed b- Reference Technology primarily as a tool to be used in

conjunction with CD-ROM databases. It provides an Indexed Sequential Access

Metod [ISAM) comparable to mainframe retrieval systems for record-oriented

databases. The K- Record Manager allows for two index structures, a balanced tree

and a hash table. The Ke Record Wanager software is implemented as a library of C

.:,.cnons that can be ,1nked to application programs. ich reuir acss

B. SAMPLE DATABASEO
CD-RONI databases normally consist of large iles, each organized into similarly

structured data records which are divided into fields. The data record fields consist of

key fields which are indexed and data fields which are not. The easiest way to

conceptualie such a database is in two dimensions. A data record, the individual entry

for a database. is the row; the field is part of a column of similar information for each

.-. 0 the rows.

..Figure 5.1 is an example of a simplified, fictitious stock market database. It was

reproduced from Reference Technology's Key Record Manager and will be referred to
throughout the remainder of this chapter. The data records in this example are of
variable length and are arranged in the alphabetical order of their ticker tape symbols.

The offset field refers to the offset of the record from the beginningz of the data

!f.Ie. It is not usually represented within the record but is implicit in the ordering of the

- . records within the file. The comment field is text which is not shown completely

-because it varies in length for each company.

C. ISING KEYS TO BILD KEY RECORDS

ST--Ihcre iust he a sorted file of key records in order to construct indexes. It should

,-11ccd i a hash table or tree lbr L uick access. The key fields of the records are

used to create key records which contain a copy of the key field and the ollset of the

record associated with that particular kcv field in the data file. 17igure 5.2 shows a key

record cenerated from the Dividend field in one of the data records.
, ,?
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kcli~' SN mhoI Name F xc. SIC Price Earning% Div. Date Comment

I) \tC AuBusCo N 01I12 22 3.50 1.60 3/31/86 Corp. lariting is
!01:2 13AC Tobacco A 014.4 15 (.71) Chmcinu, tobacco

2167' CAB1 Tauco N 4577 42 6.57 .45 1/15/86 This taxi coinpan
299-41 CAR Micut.lnic 0 0128 8 .45 .72 5/1/86 NMcat pnxucts for
4(w.43 [)IDl Dicers 0) 5770 17 1.21 *.This fast-growin
50678 I)RI Rcaicst N 634 1 (3.44) Poor inycstim%
734 19 DST DcnStard 0 5057 34 1.21 Designer jeans,.
8"0)7 EIR Elianks 0 6776 34 5.22 1 .60) 3/1/86 Regional banking

I101571 iEST Clocks N .5470 22 2.11I .72 4/1/86 Despite it% iic
1 101849 FIN Finhank 0) 6 776 13 1.86 I.(XJ 1/15/86 Suspcridinyethe di

SOmIce: KeV Re.cord Ntanaeer, p. 6.

I*cur . Samnpllc Stock Miarket Databasc.

1. ING KY RCCORI)S 1O CREATE 1IDEXES

' 1-:inice can be constructcd once all thc keyl records have heemi crcatcd 1'1,0t11

"111, -,'1-:h:s. A complete daaha V oLuld con1tain indexcs For all tile data record

- I ;" 11'.,_cs arc i ur placed inidXfiles and are used to access tlic darma

T' clys he 'Indexes coUld ;1ll be p)la-ced in onec file or t lie y could be pliced

:i ~ ~ ~ 11w .' :!;2S t:oe53 conltains all tilC indexes zcncra ted for the key filds in tlhe

a 21~.Note that Sonie of tlie fields SuICl aS LXClManee!, l ate, and1( ('O011Cilt

2 a>.> cd~anad there fore ca lilOt he sea clied.

0 K. SFAUI('1II INDEXES

I > csar aspace-avn device because thecy are mlade up1 of' kcyv ecords tai~r

v. j. Ic -at rccords. Only one set of data records need be niastcm ed ont ;0 ('I)-

"*Lih access to tile single copy of the data records being made availk l'l ia

... :22:rd~ d ccii usoil which index is utilized. 'Ilis req uircs tIitichlc, I C5 pce th121

'ill atu.ia records oti the disc Ii difFerent. places for different sort scquinccs.

1.'2tIcadiI S li a CD)-ROMI have the sequenlce Shown by 11121 oilhets ;l1 (

a. i~ I<. '21i iht order Ii tile data f Ile. I Ihowc% cr, the inidexes to tile dta rco ds

J,4



DdUt Record:
Ut f~ci Svnihul N~imet Exc. SIC P'rice Eairning,, Div. Da±te Cuirmiit

-S'i LR EIjnk 76 3 5.22 1.60 3/1/86 Rc--,nal hanking

Kcv Rccord:
Offslce

880)07 1 60

- erp7.

1-Iiurc 5.2 Key Record Gcncrationl.

naethe orde-r of thecir r'kcys which have previously been sortcd. 'Flicrcf'ore. crcattt-

ie:,s r the key% fI'elds makes it scern as if-the data rccords are arraiigcd in a set te; of

:i~rot c.>2r, uIC for each Index usedi to access them.ii In our cxamiple, thedt ne
. used to access th ccords 'ni their oricitial order. F'iurc 5.A shows th:

rc-ords whenc~ lindexed by Name (Inidex 2) and \Vhicn Iindexed hy Pric

''talthe search For a matching key is accomplished by ;e~ttItt t mtt

sotteanid scarc~hing the keCyS s0(1uiltiaIIV towa dq the tillet! ctild,Il

coe ~ I 'aK isfund. I-or ascending searchecs, the first Ie'; cqu tl Ior

* . at!he desirecd vey ili be retrievedl. I-or descendina searchecs, the (It I '.'
*~~~~~~~~~ T la h eie eywj ertivd hus one could scmtch I le

V 1 1 re~ v "To hacco" if tile search Is ascendig' or re te\ c !'lt"0 ii

.6 i tl~eedie. ii ealtyit is not a Se(luelltil 1search lhut k' 1I;

t; -c ravr; or lia~li tale'I look-upl. CareC ShIould always hI: t~ti, to.

%~ l* .1 t S sO ia11t the 1101 ioer OF conliparisouils and accesses canl tta tl

N*e
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Inrde\ 0 Index I Inde\ 2 Index 3
*Dua inde\ Otse! Symbol Otset Name Oftset lndustr\ Code

0 U ABC 0 AgBusCo 0 0112
1-0. 0322 10322 BAC 101571 Clocks 29941 0128
21677 21677 CAB 73419 DenStand 10322 0144
29L)41 29k)4l CAR 40443 Dicers 21677 4577
40443 40443 DDE 88007 EBanks 73419 5057

"0 5678 5667S DRI 110849 Finbank 101571 5470
- 73419 7341(4  DST 29941 Meat. Inc 40443 5770

?... 18007 88007 EBR 56678 Realest 56678 6344
101571 01571 EST 21677 Taxico 88007 6776
I11()t.) I 1)X;4'- FIN 10322 Tobacco 110849 6776

'. Index 4 index 5 Index 6
,O t. )t,t Price O ffset Earnings Oftset Dividend

56078', 1 56678 03.44) 10322

2 94 F,10322 .71 ) 4(4.143
1 1081()t 13 29941 .45 56678
10 322 15 40R43 1.21 73419
4 04.43 17 73419 1.21 21677 .45

' ) 22 110849 1,86 29941 .72
"1,) 1 157 1 22 101571 2.1I 101571 .72

'34 1 .134 0 3.50 11]0849 1 .Of)
. ))7 14- 88007 5.22 0 1I.601

,,10 7 " 41 "2 1677 6 .57 8800(7 1.60

.

, / ' Source: Key Record Manager, p. 8.

,"Figure 5 3 Key Crated Inidexes.

.550;
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The rccord, in the example. ,nen accessed

' ~ NJI11: lnjcx 2 WOU ld appear to Lc Oruercd as lolioms:

,. I)rct Sx Rini Nam. F. S(" PricLc arninu, Do, Date Conmmcnt

(1 ABC .-.L'Bu,( \ 1-' 22 3.5t 1.60 3;31/86 Corp. larrnut i,

WI15-I EST Chck, 547 22 2.1 .2'2 4 1 86 )cpIlv ir, namL

- 14 DST Dcnstand 505 4 i.21 csivner lcan,.

D4ig4 DDE DLcr 57 17 1 21 Thix lat-gri in
,X iU7 EBR EBank, (. 677' '4 5.22 1.6) 3;1,86 RcLional hanking

I I 4().4 FIN Finnank () 6776 13 1 86 1(X) /15i86 Susnendinnthe d

29441 CAR Mcat.ln (I ((2h x 45 .72 5,1/86 Meat products tor

"6 DR I Rkci,( 11. " 3,441 11(i'or mc,,wmcni.-
• ,,,' " i - " C A Bl' 1.a . , . - : " " - 2I 5 " 4 i 15 ' , t, l h i s, 1a . i t. w wll ' t

'1. - [C\ R IC . , o128 .. 5 5 5.18 Cicwn ipro ., f
,,a

It ac4-4 ,,cd FN Price ( I nd 7 41. the apparent order of the dai rcords would he.

0(s.ct S,,rnI Namt: Ex&. SIC Price Earnin,, Div Date Co'ttmtntn

.,5h6 6 > D R I R c .(lc s. N 3-.4 I (3.44 ) Por a,,'cetm nt,

, 29 9qa I CAR Nc,,t.n, 1 ( ((I28 8 . .45 72 5 18 6, M cat product r r

"-.I]( )-.840 FIN [. iran . 0. 677 6 13 1.86 I.OXl I 15 .86 Su',p nd inth edi

I (((322 HAC Itlri., M. 0144 15 (.71) Chcking tobacco

4(1.-43 DD DI, LIr 1 5771) 17 1.21 This la,,t-Lrowin

0 ABC A, Bu.C. . N (112 22 3.50 1.60 3 31/86 Corp. larming ix

0)57I EST (I'k' 5 47) 22 11 .72 4 1/86 IDcpite it natc
1-1'1 [) 1'.nim. 5057 3.4 1.21 )cxlgncr iaxll-. I

,'i)"K [R [J,- , 34 5.22 I N 3I I kciOnal hankine

In ('AB; Ia,,.' " 45-  42 6 57 45 15 ,, Thi, taxi conipan

itt

* S~ource: Key Record Manager, pp. 9-10.

iure 5.4 SCarChini On Specified Indexes.
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I. Partial Acv ilig of' Data R'ecords

Index performance is gene:irally bettcr when smaller key records arc Involved.

This -,s esneci~lv true "or boalanc.ed trces where key records may result in additional tree

11evels and :,herefore cause additional disc accesses. Inde',x size can bc greatly reduced III

scime cases IC sorn data records are not keyed on every Index. Since the Symbol Index

:,- Lur exaniole database is in the same order as the data records itbecomes possible to

Kev oniy thle first record in each CD-ROM sector. Then a partial match search in the

mucn smnaler resultina index could be f'ollowed with an exact match search in the data

r:cords theniselves. Index size can also be reduced by not indexing records on key

fiLd tat are blank.

e. c: eo rds With Extra Informition

Ino ay containi additional inf'ormation besides the key, and offhzet

... ~ue .5displcn,.s such a record. A length field may be Included for v-arible-
C. I,-,-I' rccordIs. I lowever, it is not essential because the length of the data record could

0 be determdied by finding the off'set of the next data record and subtracting, but this

would rcauire an extra access to the data index (Index 0).

Data RLctord:
Othc S\mid Name Exi.: SIC Price Earnine' D~i%. Date Comment

-IiQ DST De)nStand 0) 5057 34 1.21 D\ec x~

-- %

'.v'. Rcc 'rLI

(t I "et ikc, (rk] Iciath Ke% Numboter Kc%

i-XXX6 DST

/ Sourcc: Key Record Manager. p. 12.

FI ure 5.5 Keys with Additionial Data.



.!a]l z :,: ; I:, s aCV i:sa. a 1, . ," nIMber :s reQUircd OecLISC the record en trj' :I1
....r. a , " by the order cl t cir ke I. I lash table ki', arc, ; ,p u 'Ie rc no, a, ng,] cd.lb

d.sr:buted randoml across index pages and are on[y sorted within a pace. The keys in

a halanced-tree are arranged in a fully sorted pattern and therefore do not need a key

One o-tIon whic can afect application performance and disc overhead is that

cv records can also contain extra or optional data for use only by the application

program. Once a key record is located within an index, the optional data can be read

',-nicdiateiv from the key record and thus save an access to the data file. Appending

extra data to keys makes retrieval of' that data N cry quick, once the key is located. This

is obtained at the expense of a larger index which would require a longer seek.

I Io'..evr. a second seek to locate the additional data is no longer necessar'.

2. Overiao n. ievs;

\nthdcr area in ",which 'e record desiun can afect application perfbrmance is

the overlapping ofI key helds by other key fields. For example. it might be desirable to

allow a date field (Year-Month-Day) to be searchable by various overlapping keys as

seen in Figure 5.6. This overlapped set of keys could be used to search on Year-

Month-Day (Key 1), Month-Day (Key 2). and Day (Key 3) information. By searching
f' or partial matches Key I could also be used to search on Year-Month or Year. and

Key 2 could be used to search on Month. The same searches could be perf'ormed with
cparate Year. Month. and Day fields, but this would mean searching in three separate

indexes for a Year-Month-Day specification. with much worse than triple the access

time for this index. (Key. 19S6. p. 13)

S-P..'.

'p.
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Kv,

Year \In1hh1

,' .I( ; II 28

Source: Key Record Managecr, p. 13.

Figure 5.6 Overlapping Keys.
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VI. CD-ROM INDEXING STRATEGIES

A. BALANCED-TREE INDEXES

.. Tree Construction

The ,eneral form of a tree structure on a CD-ROM is sinlar to that of a

broad, shallow balanced-tree. Since CD ROYIs are not concerned with insertions and

deletions the blocks of the tree can be packed completely full. This recuit, in the tree

.usiime less space and in each block having a larger number of chilren. Moreover. a

broader. shallower tree is produced.

. 'balanc---rees are lulit bv insertine records randomly .ind it' -rce,.ures

."eoedbr liandline the growth of'dynamic trees are used. -he biocks of the ree ."i:l

-e :enveen . and 100 percent full with an averaCe utilization of between oT and S5
*-ercent ('Zoellick. 19S6, p. IS4). That is. trees will contain blocks that are not

completely full. A special tree-loading procedure that does not use the normal block-

splitting method involved in balanced-tree insertion is needed.

The first step in developing an appropriate tree-loading procedure is to sort all

the records by their keys as discussed in Chapter Five. The sorted records are then

written one at a time into the leftmost block at the lowest level of the tree. When that

b:ock is 1fll it is written out to disc. The next record goes into a parent block. Then the

next block at leaf level is filled. When this second lcaf block is full, it is written out to

disc and another single record is placed in the parent block. This process continues

until all the records have been loaded. Figure 6.1 shows that all the records are

arr-1ned in the blocks in a numbered sequence.

'File primary advantage of this loading procedure is that it capitalizes on the

read-only nature of the CD-RON by buildin a shallow tre, and avoidinL, secks. There

s also an important second advantage. If each block is written out as soon as it is full.

'..e: :rent blocks will be stored in close proxinity to their children. makine use of the

I)-R() NIs better plcrtorm',anM e on short, local seeks. Furthermore. the proximity ol

*. -a~ eats rnd hilIren wII ncver be threatened since the balanced-trees used for (CD-

Sk,() "I aeg not . a mnic.

hI'ere are other possibilities for decreasing seeks if' somethin, is known about

1. e Jtribution of requests for the records stored in the tree. Say. for example, that it

0.3
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Figure 6. 1 Properly Loaded Balanced-Trees.

is 'Known that 85 percent of the requests arc for 10 percent of the records. The number

01 seeks can be greatly reduced if the tree-loading pr,)cedure can be designed to place

the most fi-cquenitly used records as near the root as possible.

2. Tree Optimization Formulas

The Following Fbrrl~as were used by Referencc Tcchntology i desilnlnt! the

a L > lo 7(N +f 1),1 log(P + 1) L is the #i of tree levels

a P -/ + I - I P is of keyrecords in an index page
* \ P 1 )L _ I N s of key records intheine

Tc !ormnuas rclU tc numnber of Key records, number of tree levels, and page size anid

-re used to ort"Inize- balanced-trece performanice for CD-ROM databases. Table -4

Ui ro:s c',:ics of hoi.v *he formulas can be LISed.

36
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TAB3L E 4

OPTIMIZING BALANCED-TREE PERFORMIANCE
\J. ('i\'.,n nc nuincr p1 recolrd'. pa,-e izc. and key record size, the mninimn numr'erot

~rCc~c-. ~inne ciiculaicj:

\umIInCr ()I KcV% rcokrds, = lOU,.000lX
Paceosze = 4096 bvtes%
IKe'. record size =8 bytes

N-i = 0(0.000.00l
P 1 4090,'8) -1- 1 513

L 2: loL N -- 1)' / oi, (P 1)l 2.95

Simn:c tne-.e mu'.t beIT intneral number oif levek. 3 levels are require(!

w-.cn me tnincr of tree levels,. numnherot records, and record size. the mininlum pdoe

Numbher of tree levels, = 2
N u mher ol keN record,, = 2,000.000
Key% record size =3 2 b tes

N -- I =2.000

I / L = 1 /2
11 > ((N I) I/ = 1413.21

-~.Since there musIN be an inteizral number of'records on a page. the pa"e Size mTust
he large, enough for 1414 records. It the pave size is divisible b 2(48 bytes (the
CD-ROI sector size) a 47.104-byte page size is needed.

i ' ocfi :hc miticr t Ic' p~dite si/C. and kev record s filte 11aiurimiLu numbecr(i

1C. 1i rCi dc CjccriIII

'l"'j -iC 4I( h te'.

* ~~~P 1 i'I~X . 513
-- ~1 1 I i~.I- 2 63.16,X

Sorc: eyAt inost)3. 16," records can be placed in this, tree.

Souce:KeyRecord Manager, pp. 21-22.

0.4
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2. I!ASHED INDEXES..

I (9ei()W Avoidance

Il ,iils:n, tits the strenuths and we iknesses of the CD-ROM perfectly for

.- iicatiy-s that do not need to access records in order by keV. It consists of LiSi a

-:anton o ,ranSlern each rccords key into a bucket address within the file. In order

.o -: a :art::uia, record, thle function is applied to that record's kev, and then

-- r:eves the bucket at the resulting address. Hashing works well and permits single-

seek retrievais as long as long as there is room Cir each record in its associated bucket.

T', The oilo.vin variables can be manipulated to guarantee that overflow does not

- happen:

- packing density of the hashed storage
Sth~e size of the', bucket

:;- c : Jccsen OC :!e aasn 1I a ction

P.ckin-e.. den1sit'y and bucket size are discussed further i the next chapter.

2. Hashing Functions

Since CD-ROM is a read only medium, there exists a complete list of the keys

to be hashed before the file is built. The keys can be analyzed to discover functions

that would distribute them more uniformly than a random function would. A perfect!y

uniform distribution would place an equal number of records in each bucket and

guarantee no overflow even at a packing density of 100 percent. Although developing

,U_ a function can be very time-consuming. an economical way of improving on

purely random distributions can often be found.

The CD-ROM's read-only nature makes it possible to optimize a hash

"unction. It is also practical because large computers operating in a batch mode can be

used tu ce.Cte the data set that will be used interactively by small computers.

C. INVERTED INDEXES
" 1nverted ,ies are ideally suited for full-text fields because when used withakey

U'r1*ctuJed Ields containing repeating key values they save index space. A copy of each

K', .,a :c s red in an index along with a pointer to a list of all records asSociated

I e (o'nmC:ts field in applicable databases is normally a fuIll-text fieldIS.se a,- .C'. Z
a .... !or an inverted index. If each word is used .s a .ev in a Rev

_:2. i- .' v %III oc i r over and cver agacin and create a cry lare index.

I.- hi ,res each word only once to represent all of its oLct'rrences and

:, -'auco iaa 6.2 represents an inverted index for words

. a:a:. .I :? h .\ A nd '3' from a fictitious database.

A'
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CD i' .Nl pt ial P isig p.I 5

FAr ur 6.2 InetdIidxl

111d , n , ;11ciics C~ll s llic''Iles l*N L'le ;Is IM2

*%" .. .:vofl, .. li r li 1 9c 0t s t

S~ror:i~ tD uset Optica Pubii:1n1 p. 115

sour 6.2a Invrte Indexingt. cooC k11clc-
I-l s

Suc scp~hstia~c incxie chiccn oemerijr aiiuhr



* . l~tc2Utree c r~di ar Ces itr a\cin s he-re art a-atn er Ite re

* reuet.L~ : eeu~ te ndxcan te or,.creC b% thie CV VaIILue. lhcv alSo) Jcri1"

11' in xact-m1atch applications when It is desir able to iminiZe the index size.

BI.a1,nced-treecs used in CD)-ROM applications waste no space and can typically acquire
any In-kle ndex wti, onily twVo or three accesses.

I-IJashl tabies perform best when the quick access of' exact matches is the main

cansderaion.Narmiivhashtabls ca be onsrced so that only one disc access i

suffIcient. H owever. hash-table indexes are not as compact as balanced-trees and will

zvcalvbe 20 to 50) percent larger than a comparable balanced-tree index.

lFurtherniore. hiash tables perlformi partial-miatch searches poorly because it is nearly the

sam-e as searching a sequential file. (Colvin. 198S'. p. 11$)

Bocolean and relational operatiens on CD-ROM discs are best supported h-)

.. Either hiash tale r bajanced -.rees can loe used to create the 1dieS. Sinco

-atarcor(d numbers containing a particular key value are listed together in an

vere c.ie it muLst be loaded inoa rather large miemory buffer to m inize accesses

*to the CD-ROM.

Th nexsrctr se nth eelopment of TLOCD was a combination of a

balanced-tree~~~ an- ahtbe nti ay the time required to perform both partial

-~and exact-match searches cudbe minimized.

W-
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VII. CD-ROM FILE MANAGEMENT

A. GENERAL DIRECTORY STRUCTURE

,cThe Ilic Sierra Standard entails a hierarchical structure of' descendif,(,

suodirectories branching down from the parent directory. This directory structure ,s

ca1ed a "Standard File Structure." and there must be only one per CD-ROM disc. A

ih table operates as an index to each subdirectory and provides a pointer to the

-c-ical block number where the subdirectory is located. A path table obviates the need

:o sort each level of the directory hierarchy in the search through the directory

z: er certai circumstances, the path table can be contained ;n PA.-.

-. ::-o¢ c-.e.k access to the subdirectorv of interest. This occurs when ic
-..su recor. names arc short enough and the number of subdirectories small enough so

* ,Pat the path table can reside in one physical logical sector. (Approximately 128

subdirectory names of eight characters each will cause the path table size to be about

Ju4S bytes or one logical sector.) Thus. given an eight-level tree, holding a path table

n R-\l saves seven seeks. (Standard, 19S6. p. 2.4)

D. DIRECTORY STRUCTURE DESIGN

1. Multiple-File Explicit Hierarchies

This type of directory structure is used by UNIX. MS-DOS. VMS. and other

itan:etic disk systems. Early versions of Digital Equipment's UNIFILE system are an

examole of a CD-ROM file system that used this kind of directory structure. This

pairticular ;tructure as shown in figure 7.1 allows subdirectories to be treated as files. It

is an excellent system for magnetic disks because it provides the flexibility required in

c:er to add new subdirectories and delete old ones. lowever CD-ROMs do not

. require such tlexibilitv. Furthermore, we cannot afrord the time to seek from

-.-l irctorv tile to subdirectorv file in order to find a tile with a long path name such

johnscn prograins source acctg ledger post.c

"t tr .:nolea reus of' this trpe of' di rectary rstructure are t'imil iaritv and the

',: aandle, cneric searches reasonably well. .lorcover, by taking advantage of

*. .e CD-IRO\ s read-only nature, the files in each subdirectorv can be sorted and

C;-
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~anta n uauana c:S -,VC t we uSt search th rouchI ai -n!ire ;enc o!
<.rcc~e~v~i.c i ~CCtar a 1"1lC. If'11 illw h. are inl 11e ru)Ot hja

cr a s :ne hile wvould Involve the wvhole directory. Evcni if' the files are sorted Ihi

caca drecto vl, a binarv search of' a Iargc Singie-levcl directorv' contaiIM I
;'c-s wul require a dozen or more seeks back and forthi across the sectors that niake

2.Sinuje- File Explicit Hierarchies

This approach to directory hierarchies Involves placing the entire director%

str7uc-.re in a singc fie. The root directory and all subdirectories are trea.ted a's

records wi'thin a File rather than separate filcs. Figure 7.2 represents this type of'

strIUuce wIch was used in the First vrersion of LaserDos, a trce-oricnlted S-teln

Acs~c~a>:>.h . I c. fr omi cul JhcLS. The left, pointers from tile su-dI Jr:r.

ctia ciunt in S h :!1ecor. Richt pointers alpxays noilm: Ko .

~ub&ic~:cresat :1he sante level.

III Di A .\DI -sI RL Ii -I Ii tY.B -A-T I Al -IIL.1C.DAT

'.. )t.L C-K ( )Iij RI I'( )R I*-sli' CS

LawrD-OS-I\PL-I

R( Ill I
N 11% 1(1RRIGIN SM. -D1)1Si SI(

pI )[ I P1K ')

* SVRaA I( WI( -sI W(N I K 0-- S VI'Ai

\rP( IV Y )11( - [rR( .N*TR M -- iIND*

(2: 1 ()NI The Newov vr,,p 116.

lI -ur 7.2 Smoe 1Vilelpii Ihcac

- ------ ------- -------



L... pot ad. ?enleut raa iized Iroa m ccompres'<i, thle directory hjera.rchv inito a

.,nc. ruer thn prtding it out b u1.MU a dill'rnt 1iiC 10r each ubdircctory. is

t-a w.e Can often cut down on the number of' seeks required to open a file. .\

somewhat small director containing no more than two hundred files can be contained

i:st :wa or three sectors which could easily lit in RAM. This holds true even if there
are :uanv levels of subdirectories. Therefbre. the single-file explicit hierarchy can often

im'prove on the performance of multiple-file explicit hierarchies when opening files that

have path names containing several subdirectory levels.

S. Hashed Directories

Any file can be opened in one seek if we hash the entire path and file name to

an address within the directory. This will work even if there are tens of thousands of'

,acs -n te 1isc..A hash function would transtorm the character string re presenting t:
-"",t t1d iie .ame into the address of' a iash bucket. I seek to the directory bucket

.A'. utd zain access to the iniormation needed to open a tile.

IfC the hash buckets can be prevented from overflowing, then it can be

.uaranteed that the hashing procedure would require no more than a single seek. If

overflow occurred, one or more seeks would be required in order to locate the

information that had to be stored elsewhere. The read-only nature of the CD-ROM

makes it possible to manipulate the packing density of the directory file. Overflow can

be avoided by placing a small number of' records into a large file. The more tightlv a

Iile is packed. the more likely it is that at least one bucket will overflow. The bucket

si/e also affects overflow. No overflow could be guaranteed if the entire file was

considered to be a single bucket. Unfortunately, the entire file would have to be read

into and processed in AI.

-. Indexed Directories

The key to the success of this approach is a structure called a path table. The

path tab.c provides a compact mechanism lor quick translation of' the hll path ['or a

suadirectorv into an integer called the path identifier. The path identifier is actually the

0tie poition of' each file obtaincd from a level order traversal of' the directory

Q:iLrchv. 3'v exaLining Ficure 7.3 the path identifiers for the following path names
C,!; :'e actcrnlined:

* .uut.ii'b

*e tC.\t ----

,*' \trlib obji = 5

,.

P'

0" ,rl, o l
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'"-'"* :;~: a.i source =-
.- ~ --- - -

. .

:ex: Specs lplrt = 14

Te path tables abiiity to compress an entire directory path into a two-bytc in, recer
Sa~tees t!hat directory records can be kept relatively short and that many dirctor'

: ds c be nut int~o each block of thc directow structure.

STT FI L I BTLI

p , 7

Source: CD-ROM The New Papyrus, p. 119.

Figure 7.3 Index Path File Structure.

After performing an average seek of about .5 seconds, a mininum of one two-
i ,.te sector is read in from the disc. For an additional cost of six milliseconds another

'1" ,vtes c 1 a be read in. making a total of1 SK bytes in all. If the size of the directory

recrds can be hcli to 32 bytes each, then eaci seek out to the CD ROM can brine in
1S t::,1;v. u, _ 256 record, Cor an K block.

The !'Ie rccrds are ;-iced into the blocks of a 1ile table which con toi tile

, ,:...::: uc;lc.i to oc:1 ' v in the file systcm. 'liev are arranged %ecorliM: to
6 .0: ':r: ideale r hih ~h ',u> ev'.racted Co1 the 11ath table. As a result, at! tlhe hlo. ill

* .' ', u. ;:: 'I: are ,'roiieCd tOcther- (i.e., the': have the same palth identilikr) mo:
:::;clI, ;v ioc. lbs structure supports cilicjent ecncrc and binary searchine.

,. %%
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Can a :'c!rzt cuI!- Ide I's to be onened. we acdto haId tile blockn "M

'1t atacs the :-cc r c resoiiin to thel dosli-cd path idcntifIcr and,, lile iiilnc. Ih

:Coszl :vr of- thle file Search is the seek to thle block's bcginning, so it is desired to fid

the ~en block - on the first attempt. To ensure this occurs, an Index table IS used to tell

taoac> and file namecs that arc at the block boundaries. Figure 74displays a

ovCrv'.-v 0< :h1e Contents In the filec table. Now suppose the tile to be opened is:

strlb ,source istrchop.c

It is shovwn in Fizure 7.4 that the request starts at the path table and converts the path

naime Mato ai oath :dniirof' '4'. Thle index table isthen searched for -4sti-cliop.C.

S:Ince the ValueC of"4-strchop.c" is less than the first entry (alphabetically), it foilows the

f!rst pointer from the index table to find the first block in the file table where it findls

.Cc Ll cc z ic h Ie ii, od athr tacrainrcte, r.1c '1o open it.

MI (IKKs

I. 1-B. DAT ii I!

// 4 vi(( NTR(

P~iI /PA

i'IIII it R I () TRP

I~D \i.I'N

Sour-ce: CD-RON!0 The Papyrus, p. 122.

Ii cure- 7.4 tMV sine a Inde' Xed Pth DireIctor\',.

cpath' t.leScoilircssion aility allows f'or short directoryw reco'rds t! I:,at

Cti Kcm cm e p-o1ked li-o each bNock of' the fIle table. 11Is reduices thetoi

;:a,.cr d' .~Isr-oviiired f0r tlie filec tblie. A snull file table wil 1e tilt in a

C". i 'a oi Cb ver -c;r let tr both the iexand path tables in PAM N
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%-"'- :,t':..er than I'orcunl a disc Ce7. everv ime we nceded them. In this way the idaxed

%.a" li~v te orel"ng of atl an'ie xith OnlyV one scek to the CD- RONI.

C. BLOCKS AND BUFFERS

, ' 1. Deteriining Block Size

A -enera rule arpiying to any file structure design is to make each disk seek

as -rottabie as possible. This is the reason wvhy paged structures such as balanced-trees

are commonly utilized. Each access to the disc retrieves enough data to make decisions
,aot th'e next tree level instead of making a simple two-way choice in a binary tree.

The disc is never accessed to retrieve only one record but to retrieve a block of' records

that can be read and processed much Caster in RAM. Even though CD-ROM seeks

clowlv. it can acauire a larce block of data at an acceptable rate. Therefore, the choice
la:re.ics..& .> s.' ........ r..lt

Beth phxsicai a'd fagicai desi-n factors should )e considered when sciecting a
lack-. si/. Consider the enect a age size on the depth of' the trees previously shown

i: FDure 6.1 A page that holds N records can have N+ I children. The first tree in

Ficure 6.1 has a height of two levels and holds eight records. This height is ideal

because storing the tree's root page in RAM ensures a one-seek retrieval of any record

in the tree. Records can be added to the tree by adding more levels. Ilowever. this will

increase the average number of seeks required for searching. A better plan calls ['or

,-. incrcasing the block .ize to accommodate more records. The second tree in Figure 6.1-<,:

- shows the result of doubling the block size.

Since the CD-ROM is read-only, it is known exactly how many records are

oin to be put into the tree before it is built. For example. storing 50,000 32-byte

records and using a block size of 2K will result in a three-level tree. A two-level tree

can be built if a block sizeof SK is used. It takes longer to read a larger block, but

Knee CD-IRONI s can read data at 150lK bytes per second. reading an additional ()K
:bvtas takes onlyv 2- milliseconds. lhis is a snmall price to pay in return for avoiding an

adi: oal 50 () m-illisecond seek. liinmiiznc the numnber of' seeks isthe lo(cical

,:iraticn far usinc farc block sizes Ilowevcr. the CD-ROM's physical feItures
k ~a~~ e considered in dctcr'inin what blc7.k si/c to use.

, Since the ,cctor si/o for a (I)-IRONI is 2K bytes, the smalle.;t block sie that

.':i, QuC "'er be conidel d i ako 2K bvtes. This is due to the fact that even ifomh one

'.re is ncedcd. 2K bstcs will be retrieved. An ctllctive operating system will transler

.Jae . I," into a1:a applicartion prograns work area with no intermediate d;ata

47
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:'j' vemen. SO IV ihip¢cnS i " a proc',ram rcqLeCsts o11V 6- ,%tes. or som11e other >cor

.In t Cs cSe te operating svstem cannot assume that the aprimliation

nrara is allotted enough space to hold an entire 20-4S-bytc sector. A system1 buffler

must be used to hold the complete sector until the 64 bytes desired can be transferred

to the application's .vork area. Data must be handled or moved twice when anything
-2sS than a complete sector is requested. Therefbre, in order to avoid unnecessary data

miovement, a block Size that IS a multiple of the 2K-byte sector size should be used.

2. Buffer Usage

Reading data in multiples of' the sector size results in by-passing the system

buffers. This blocks the operating system from keeping recently used data in R-AM.

For example, when a 256-byte record is read, the operating system uses one of itsS'a syote use oner'fr''~'r h
-. o a record. . another .. ,6OI-'' reord

011" '1 '1 o . C- CI'erent sector. Tis new sector is placed in a diii'erent butfcr. The

"rogram now ca,!s for a third record which happens to be in the sector which was

placed in the first bufl'er. Therefore, no seek is required for the third record because its

sector is already buffered in RAM.

'Now suppose instead of reading fragmented records. 2K bytes are read to

avoid moving data twice. In this case, system buffers arc not used because the data

goes direcdy to the application work area. Consequently, a section would be read on

ton of the first one. In order to benefit from bulfering in CD-ROM technology. the

decision of' how many buffers to provide and how to manage them depends on the

nature of the application. If the application searches through tree-structured indexes or

works in both directions through a sequence, it can benefit from a large number of'

buffers. If the application moves sequentially through the data in one direction it will

not benefit from buffering at all.

Reference Technologv utilizes a general purpose bullering scheme known as

Least Recently Used (LRU) replacement. Information in the buffers is retained for user

*..- access until buffered data are replaced, according to the least recently accessed

protocol. Best performance occurs whcn the page size is the same as the buffer size and

v the number of buffers elected is sulicient to retain the most C equentlv accessed

*. pcios n o.

1Because applications differ, it is impossible to ensure that the most frequently

,c Cesd pa.cs will always remain in the buffers. .\ procedure is needed that will select

-lwe minimum number of' huiers for maximum performance. Such a procedure would

0'%
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ra!u-re that there be at 'ast one m0re buf'cr than tile number o' eves in the tree.

- so. 'chre so"uld lie at least two buffers for each hash table. The extra bulcr per

i,",dex will hold the data record, while the other holds the index pages. Thus. if two tree

,ndexes with two levels each and two hash indexes were frequently accessed, all with

-4)'O>'bvte index pages. then 2-' + 2- = 12 buffCers of 4096 bytes each would bC the

nmininum confleuration for best performance. (Ke', 19S6, p. 23)

D. NIULTI-VOLUME DISCS

1. Adding Additional Discs

A CD-ROM disc is described, according to the 1ligh Sierra standard, as a

volume (Standard. 1986, p. 2.5). The standard allows for multi-volume sets of discs,

which are of' two basic kinds. The first is the type of multi-volume set designed to hold

a1 ,,e :nassi.e data base that e:ceeds the capacit,, of a single disc. lhe path talc and

.,direator; sructure on each volume of this kind is required to be the same. In this way.

-I, ::.el ocaton oi" any file in the set can be found by reading the directory from any one

-, of the discs. Clearly, it may become necessary to mount a different CD-ROM disc from
V.'-' the set in order to read that file. However, the presence of identical path tables and

directories avoids the need to mount disc after disc to find the file of interest.

The second type of multi-volume set of CD-ROMs is necessitated by the need

to update files or add new volumes to an existing volume set. If this is the case. the

most recent volume's path and directory information must supercede that of' all

previous volumes. Moreover, the the last volume in the set must be mounted when the

system is booted in order to supply the system with the Freshest information. By

deletine references to a file. or including references to a file in the directory structure of

the latest disc in the updating volume set, existing files can be "deleted." "modified." or

"replaced." They actually still exist on the earlier discs but since the latest directory no

lon:er points to them. they are no longer available to the system. Although physically

present F'or the li1e of the CD-ROM, they' are logically lost or altered under the present
" contheuration when the new volume is mounted. I lowever, they can be restored if an

eariicr Voiume in the set is mounted at svstcmn start-up.

2. Extended Attribute Records

(ID-IR()\ I 1le management that is supported within operating systems such as

(-l))S. ees optical disc data as simply a stream of' bytes. For other operating

environments, extended attribute records (XNARs) can provide additional inl'ormation

ahoLit the file and its structure..,\n X.,\R is ain optional attachment to the becginning of'

z."
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A .. C:taa~rc cXlrt :nlor,11alti AO Lihat 1,110 llipies of, '(1ch _JIiornal dI,"

m Cde retc ano. expiraition deacceCss control, record structure. rcord

a It'--b U [C, a11d a[Tl1caziO11_Npec111C inf1ormationl.

One particular use of XARs Is to control which version of' a File is to be used

w!'Lm the1re is a multi-volume11 set Of' discs cont[ainine' several versions of, a file. This

'rs ccause the, NAR aflixed to the last extent of' a iven file supercedes the XARs

allixed tzo ail lie other prev-ious extents of' thiat file. 1If there is no NAR xith the last file
extent, the XARs with preceding extents are ignored. Thus, by altering the XAR for

theC 1f1nal extenit of a file, the incidental intbrmation about a file is effctivel'y undated

whnanew C-RaNt is issued.

Another use of' XA-Rs is to restrict wvho may read certain files on a disc. The
<'Indd is 'nIldr -o the VNIS 'syst-cm, owner, group. world" perniission I., :in. It

sacud Ce 7ted that acess restrictIrn oniv.,v orks -under those oner-rin ~vtm hat
rnc az c it. If somneone carries a disc with restricted files to a computer wxhose

onerazLing - stem. like NIS-DOS. does not recognize access protection, the system wl

read the disc, regardless of' the setting of' the XAR. Consequently, designing access

*restriction into a disc must be coupled with a plan to restrict the physical distribution

of'uthe discs. (Standard, 1986, p. 2.3)
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VIII. CD-ROM APPLICATION SOFTWARE CONSIDERATIONS

A. FILE SYSTEM SUPPORT

1. Origination Softwsare

Before making a CD-ROM. the files that will appear on the disc must be

assembled according to the rules of the logical format. Origination soft,.vare does this

work, providing the writing component of the file system.

At the present time. most origination software runs on minicomputers in

batch mode. Figure S.1 shows the relationship of the four principal components of

TNI S' LaserDOS origination system. The user 1:ecins ,vith a Specifv prozram that

'., c';:,es an i:nteractive shell-ilke mechanism !'r creating the directory hierarchy tihat is

0 o be used on the CD-ROM. During this step the user can indicate which tlles are to

0 go in which subdirectories. The specification is used as input to a Load process that

reads user files from tape and magnetic disk to create a disc image, complete with a

volume table of contents and director structure in the logical format that will be used

on the CD-ROM. After loading, the user can run a Verify program that automatically

checks the internal consistency and integritv of the disc image. The user can also run a

Shell program that exercises the image of the CD-ROM file system interactively,

allowing the user to dump out the contents of individual files, copy files to the host

operating system. and so on.

2. Destination Software
Destination software is the reading component of the file system. It

understands the logical format and uses it to provide access to the CD-ROM files. One

way to approach the design of destination software is to create a file manager program

* containing speciai function calls that are exclusively for use with the CD-RUM and

%.iw-ich bear no relationship to the system calls provided by the host operating system

" oclick. 1 9^0,. p. 12 ). The advantage of this approach is that the file manacer and

i'vic ation prog,_1rams that use it are r1ot affCcted iy changes in the operating system.

S a' as alowin. a higher deree of portahility. The main disadvantage is that applications

S:;:oz access the ()-IROI througi s.andard svitem calls which in turn nrecnts
%access '.ia liih-lcvel language I licilities. Ihis makes the ()-ROM less user Liendlv

,ince familiar language tools and system utilities are unavailable.

A..
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.\ QC:cr C~:n :.:Oacn, alIvclvcs O!'* '11 uc asINS Laser-DOS 11 1

Re :~e:ce caaa ae':Standard File NIxcr hlcli 11a re iticmnciited 1icr uLe wc

NIS-DOS (Zoeiliclk. l9P-,6. r). l2o). Tile arpnroach s intent is to cooperate wvith the hlost

ASzc asMuch as possible. For example. Laser-DOS traps all systemn calls and
te1I~cs it' tile Call is CD- RONM related. It' it isC)- RON! related it1 wi handle the

[1ei :f i is not. It iMlv ,),s,;cs the call on to 'NI S-DOS r'or completion. I he

e~eife ol\Vreis not smart, enot.ih to know the diflierence. RefeCrence Technoloi:: s

* Szandard_ File NMana~er works similarly inI the TLOCD system. The CD-ROMI appears

as >:t aoher disk drive to the TLOCD user.

B. COMPILER LIMITATIONS

Somne com;Ilers used in writing applications that address the file systemi can In

:ea'e.es mn , e ofas o eanile. NI S-I' .\5 LI (TN I ) ( versicris '

.... ... .... sie a des~o iehtmecoxts. CS6 T1N)I ver5sion 1.2) has tcSam

.:i.LZtC C TMI version 2.1 Nt on the other hand is not limlited in this Wax1

I Rcere cTchnolo :%-s Standard File Mlanaer limits itself' to Hie sizes of' two Gbvtes

but the compiler must be capable of producing code that can access a file of this size.
C-DS ha thesam tw -bte fl siz limtation as the Standard File Manager if

iles are accessed through the Standard File Nlanazcr "file hiandline," functions.

(SandaL-rd. 19S6. P. 2.12)

Another potential limitation from compilers is that some restrict the number of'

'iestht can be open at one time. For instance. Lattice C (TN!I (version 2.1 N has a

limit Of' 20. 1CiIcudin the standard input, output, and error files, as well as any hard

isk or diskette files. The Standard File Manager for CD-ROM systems allows up to

2))f-iles to be open slimultaneously.

C. PC-DOS ADAPTATIO.N

On, ,)! rhe miore rcrtn thinu:s abrut ulsine, CD1-RONM with I13NI PICs PZ the

11.1Imaticn p-laiced On the size of a loizical disc Volume b% the PC-D1)0 operatin'. sx steml.

V.....72nea xte-- mre thi)Hle fuLll compa red to the 5-40 1I1megtib teS typicailly

0!l. n d D 'I NI rtunaticl v* therec are sex cral was to sidestep this

O ;a ne rcl. it %eca ! wxi\t uredrt PC-(Y lil ad hrca kthe disc Into

I I 'cv r.the rnul owefu Imthod to -Cet aroUnd the si/e limi1tationl involves a

ncv taerap hndler. It niay also be ncsaCfo(r the file-nianacnment sys tem as wvell

-p%



. . ,:, :.'c ,::c,:2", a'c ca:a:'u , n itc', '. :i: -:,'i:akr sxstcni1 :< ,act up. Bvtr; . ....

.,],, ,'?c:.t:12 ,,zcm :':c: ru:',t. tne, a tcrrapt n'afldler c.an interccpt cails intended for thec
ii (DI- RONI "'vhhe at ncr tails are simniy passed tiiroueh. Once intcrcepted, the CI)-[ ,O N,

,cai's can be treated difi~erentlv, still aiain system transparency to the user.

• .' Thec dimlcuitv arises when the interrupt handier must also support everc disc call
".".:' n exa.:. : :th same ,wav as PC-DOS suppcrts them. Those calls include functions that

/'"-open ,ies, read froni fh.es, check tor remaining disc s pace, and so forth . Supporting all
of thiose fudnctions necessitates a tremendous amount of code generation.

'-,)
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IX. A>"ALYSIS AND DISCUSSION

NA. SUIPBOARD USE OF CD-ROM

N I. Departmental Applications

There are many applications for CD-ROM systems on board U.S. Navy

vessels. Such app-lications will decrease the ship's weight (by elin-inating paper storage

mc an maikc more space liaaible. The advantages. and disadvantages and

rsil poliem solutions aire addressed.

Thie Navigation department should Store its hundreds of charts onl CD-ROM
2deiiota mjo 'L o its uk chart c abinets. Thle svstem would store the chiars

in scnule rue acarin to crtnumber and \vooid also rroi :Qe a cosr~rrc

N'Cx for uLe asitace The syste 1woud promlpt thle User to eniter the niumber ot the
c cnar t he wishes to see and then display that chart on the monitor. I lowever. there

miust be a s\'stern on board for reproducing these charts into a paper medium so that

corrections, courses, fixes, and coordinates can still be plotted. The techniology needed

to renproduce NOAA charts in various scales Is now available from Laserllot.

m1cif BelangeLr. 19S-, p. 13).

lhe Operations department Should use CD-ROM to hold its classified

11UN hCtion! I. Security il be better because there will bie f'ewer classified miaterials to

oe monitored. Conilidential mnaterNil Would be kept on one CD-R OM. Secret material

on another, and Top Secret material on still another. H owever. in environments such

as MS-DOS. security becomes breeched whecn a person with thle "need to know" about

a1 certain) topic hals access to aill Other classified informnation that resides onl the dis;c hie

'nn o l e readjli n. In that cas e. sotware would have to be developed inwhich the

* ~ ~ ( NI S caNoinwudcontrol a -read deniial- lock f'or each clasvsified file. 'I lie

o~craiic';ternl \vOUld riot relinituishi control to the CD- ROM! file nmanager Without

- <Ua: oA ts. TeIlc!, could only he set or reset accoidrli 11 to1 a rocralm

'':hc )sS c~tula. o file cou)ld be openeTId and rea',d \ otitle

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l :1*11JJ ' ~:: -i~.x~ n oa .\ iiialWOUld Siun'1 l'or the CD'l-ROM 11nd

I ~ "i >l ' J ~ ~Ild ','IQ th k,J\ onI (lWsC fIles that thle user IS ~aiicJ to

* .. I o 2 OC e,. ol the_ a\jid dic thle lock \vooid le rsCt. .\notlir

a~t:iri.hcl:oI ( 1)-RONI 11-1'akationl inl tile Operations' airean olve 'Kina
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.2eO [-'l e srn Mteliness and accuracy InI situations that can lbe anldote ar

ile tat1a 11ce would 'e n the coded Signal phrase and thle csstmI WOUld

Llrh t at~ba-se tfor thlat partic:ular s;Co uenIce of' words. The results WOUid bie

oin mon"itors located Onl thei >hjns bnride_ e and in CIC.

The Engineeringi department maintains a vast number of' operating manuals.

technical manuals. repair manuals, and Schematics. The transfer of these from paper to

-D-RUN \I would certainly reduce ,veioht and increase available departmental rpace.

-1i he eneineers would also have access to miany more manuals, bIlueprints, and technical

pub-lications not normally carried on board. But how Is a repairman going to get a

2ra111raaiu to *Ic cen1repir? Must lie zo to a CD)-ROMI reader and rint cot

.. ~ :~l~e COL2. e !!ns~v.x' S a uahiied cs A w%'I aual have to go

to aIctruc location to L1ceck out a manual. Disc readers and printers Should be

ri accd In the.,se stratecic lo:cat~ins in order to miinimiize the inconvenience. In certain

circ-unstances. with thle use of' somec advanced technology, a print-out mar not be

necessary.

Tlhe Supply department Should use CD-RON! to store its wide variety of

*"catajoLes. piarts lists, and various other publications. Cookbooks and recipes would no

* -lonerbe lost or misplaced. All of these potential uses would be comiplemented by the

CD-RUM's abiiity to store visualimaes The supply clerks can See eXaclyI What theyV

are ordcrine and thereby reduce errors that otften result from mnaking assumprtions or

"Ue-SqinL about itemi uncertainties. Moreover. CD-RO.%s already contain the '.a%%

Mlanagement Data List (NNIDL- and Parts I and 11 of' the Master Repair Items

Litie IRI L which isdistributed ov the '\a%--% Publications and Printine Service.

\AVY VP also sponsored thle TLOCI) project done hiere at the Naval Postgraduate

The Aminitratin deartment wvould no longer have to r rint and distribute

\ics o.Na; -Ide reuu'Ilations and In structions through'1out thle Ship1. The drawbaIck

>ickN of, \hiphoaard p-oIraility, For e\a~ipie. thle persZon desiring! the

a1 !!aMt ic a: thie 1ilIrmICdiat ium11tx' of a CD-ROM\ disc reader. lie cannot eno

* ..'> *c: C :AX. L l:111 roug the newesct instructionI or reCulation--

>C. 1;Cr 1 ialr-iis to lie a l- (J disc reader in h is staterooml. I hs

Pta~ I!) ttoti , uuchtc. (.onsidcrim-, that the total cost of' a disc reader, monitor,

P.1
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to ree Icrew. One pnossibjec networking schieme would Involve a miodem to modemi

- 2ac ateinerface, Llnl -,he Ship ; tc! epnlolu lilies. I Iowcver. tis miethod nin

itrptroutine shiplboard communIiLlcationIs by tyiM LI P thle phoneC linles . bet-Cter

~~c~eon oul invke he deveiopmntt of' a local airea network (LAN wici wed

a1w as manyv users as, there were svste m hook-ups. Each compartment Would be

%lred s o that Portable termlinals Could be supported. Thle Structure would be relatively

sipefor suchi a systeni and could bie supported by a common network topoIlgy suIch

,is a ringz. T he decision to ipe nta LAN or to pursue a certain network topology

aCro S aI pa'rticular1 class Of' Ships Should be Made by NAVSEA based upon101 11leet

~~~~~~~n - .otr~e i eemn': tiiulship needs.

2CD-RONI Impact on flue Paperless Ship

Evcr7: oflic er and! petty oflI-cer aboard every Nay ship has at one timec or

0anoth-r b~ecomie Frustrated by the unending flow of' required paperwork anid the

plehor ofinfrmtio itehcamanuals and documents that must bc availablc.

read,. and studied. Cumulatively, their weight is in tons. VADNI J. Metcalf' I II states.

I f-Ind It miind-boggling. WVe do not shoot paper at thle enemy. We do niot train
sailors to bec recustrars anid correctors of- publications. I wanlt those gyuvs worried
tdout f'ShtinZ. niot Worrmngz a bout keeping uip the publications.-

TheC admiural has launched an initiative to create a "paperless*' ship by 19901 as a. first

step toward driving paper from the entire fleet. Thie first ship would be a fricgate. hie

sithat will probably be equipped with difl'erent types of' electronic inf'ormation

SstClms. MeNItcalf. 19S'7.p i

CD)-ROMl tchniology% is oly a piceC of thepile ICwhen1 it comeIS to puttinct

* :oK .r sch a VstemI. ()Ie muILst consider the l'casibilitv of' makin, (:1- ROM! dic

reakders accessilel to aill departmental anid divisionial ollices as well as InI CIC. )C'C. thle

e%%.a 11r-1 pi.nd ttroolm. The intial o st wo tll becnsieaebu
:;Id i~ lle InI ;I "nort %\lCl byV the rdc Ion inalnecosts 0fopiald'c

* .2'cito pa per. SkCe 'i2u ). I 1',r It compaisonl bet weenl maillu ic co S 0! C I)- R() N

K 2 c'. bxrds. rnnitors. Frlntcrs. and disc readers; must Ibe kept in at relar y
coo(l eas ironrnent in oroeir to redu~.c downtime1 anid maintain 1 operina reInes

'ft.a4-to wl r lkll ls

% %
Up%
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a onSea. Ih n11Ce \mWC hp claIsQss. howVer,1. Should not expcieIce atS an

nrc dems b ccausc ),, additional electronics needs homenu addressed in thc ships' oriciiil

lurthcrotorc. the. loss or' ship's power coldI, prevent tiel% aIccLss to imOortantl

daa.n that, casLe, it would hoe necessary thiat a paper cop- Of' suIch daIta bne stored on

ror.An alternative SciUtiOn wVould be to require each major user to ha\ e his own

lback-up power source Such as an UPS (un11interruptible power supplY) which runs oil'

ilts own* battery nack until a diesel or gas engyine is started and boomns to produIce tile

power source. It is possible to have an UPS for the entire shipboard computer S-y.stem1

I-at it would requi1re larger battery packs. The decision on how to employ UPIS is again

-t~z:a anieilone 1-asod on i.nd1'1ivia -hip _-haracoristics and coals.

\Aoule-r Z'uhci fat Murace '. s LIo JS c ~~e" da

A~riutascin that rca aire con0rstan ch anige or update. rteOnce, ReaId
N':,,,% \VORNI ) ontical tcchn1oioev imar be the solution in thecse cases. Other emineiu

techinology- that mnay be available in the near future includes erasable optical discs

which flinction in much the samne way as a standard floppy disk. The goal of' a

paperless ship is certainly obtainable 'If CD-RO is used in conjunction with other

ecrronic media such as WORM. However, in order (or this to happen. sip~fs muLst,

ma ntain a cool operating environment, shipboard portability issues must be resolv-ed.

I I . the( us e of' aditional electronic data storage methods to compensate for the CD-

RO NI's wveaknesses must bie available and cost effectiVe.

B. CD-ROMI FOR SHORE FACILITIES

I . Database Desi-n

The us e of' CD-ROM at U.S. \avx-, shore faicilities must be tailored to fit thle

ticeos (-f the particuLlar command. The storage and retrieval of' maissive amouCLnts of'

6* J:t ia aa is the primiary. consideration for implenmntine a (:1- ROM system such

as the LOCD systmn at \SC Oakland. Database desien demands considerable

c: o m atfcltc vsii to clctvl aiiieon the read-only natture oi ClI)-

I-, ,Jl ()I-cv ir fit tcceais the f'orrmat of' the databaise. (1)-R1( )\1

6. ... '.\ Oa' C~itOIt of, A iimiir of' lo-clifle coniStine of' sitmir rcords

a..__c ~lfott S*IC a databahlse from a (. l-R( )",I rpcJctivc is

.t'o~ ir'nolitr fibcs con .ceatedl together, a sigeoptical dis c Inar contain mn

................. t a h cs0Iifl I-ci fhi e typos. In this case, the _0'D systm at al

%~ % )

* ~ ~ ~ ~ ~ ~ ~ t_ I. eme P&--- --. ,''1 . . 1 - X-



.2.A'ct t~'2-c-~,Ce i Fr toe _n Lrn zitoii j Ics. clo, mae

~ csennca databa ,se. a-tempts shOUld be Made to MaXInIeIZ thle

;:te tOr,.1 111aoc:ationi ooteritjal,. This consideration was nezleczed in the *VLOC D

OCi'C(on eCquentlv., mlan of- thle records in each of' its three databases contali data

'0 risnr otneir two databases. i o)r examrolc. heNational I n

Inlueaticat on N umbier N I I N) and date fitelds a re found in all three record tn.pes of' the

TLOCD vstcm. This data redundancv across databases should be avoided whenever

1 1iCl 'n order to achieive a hhr level of storace efcicy.

Caire should be taken not to merge separate entities such as the 1]LOCID
data ba-ses in anI attempt to delete redundant informiation. SuIch an attempt Could lead

coninud dta edudanyand : ...nCd loss o aubedt.Nt

in .. 71 .Lc :rc ~tiu italeCS Of' te 'I LO(D F)vstri are nircdinto

7, cc tarel mnade ur of* toiries that represent data records. Notice that there are no

* ~ ~ ~ I ;arcsiome of' the record fliels. The space must still be maintained and is virtually

Wasteld. Now. notice the data redundancy amiong the record fields. Furthermore. if' a

record were ever to be damnaged or destroved the audit trail data for that date Would be

lost,. resuitine in an inaccurate historical account of' inventory Items. That is the reason

win:. mul.1tTil entities should niot be routinely merged Into a single table to reduce

redanan':whenl desionziing a database For a particular system.

- - 2.Cost Etfectiveness

Businesses today are :onistantly in search of' manacrial tools and

manuf11acturing procedures that reduce overhead and still maintain Product reliability'.
[li U . avyis o Ifent There are two specific areas in CD-ROM projects suIch

T FL (71) heecosts could be trimmed. The first Such area deals wj~th ind~n The

Ib\ r Pi-crarn. and creating tule iLOCD~~ Indexes exccccu S9.')')o ([Ind~. I:'uO.

*:, \~ ~ a vv niu'; beneft f'rom rro idffng its own indexing and utilizing 9U Iin

.. ~'~o'rCS lsehere. An%_ Na'; fclit%' With suflicien copteiardware can create

o~~>e~~cN r1'ie N~ I~-0lnailcuic IIn fIct, there are Ii rLlwirc and

* ~ ~ ea : ncm~ 'crnc tae.I*Ihe -(A) PI 1 hiWh' fromI VideoTools Is oneC s;uch

t.I [< e r. it .':nold 1be I silei tas k to a' n tile job of' III,,!- \'lc to a n11111-
a i coa _ ild out the res al ts in batch mode. The mainl con1cri wo \ l% b

0 KCL T', t"e txpe of index ,trUcture to use; f*or the pairticuiIr apicto In I rrt

*441
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Ih scLOno areca.i whi'ch costs Could be trimmelld inl0VeS ipplication

'oltwiarc. Th e (LOCD appiatorpeii soitware was created at a otoIbu

' Uiied Na'.x prsronnel can create programs to access tile -1LOCI) database

a' ma ic urar:. )(f C Ia '.aeLnIc,"is alreadv resident in the I&iReL-rd Aa '~r

Proearanmilers navia exrerience in a high level language12 shoul.d be abeto develo1p

su.flicilent C programmning skills within a short time and then produce programs for

F LOCD land othier naival applications. Grainted, It is nce~ssary to purchase Software
such as thle Ke.Record .1lanoger to intert'Lice with the CD-ROM tille mianaemient

s-,szemi or else write an Independent interf'ace. H owever. that might not Seem very

n ime maIl cast 0 deVelop) and debue! such ain ijnterfdce. vwould certainiv:

nra a or cahv:hcIZL an 1lready trvnproduct such as K Rccord .- [w vli aacn

.1"s rensold cimerc;aily for under ~2f.Furthermore, Such a task WOUld require aI

* gealdal 01f 5:"stems pro granumlng in a language such as C at a time when DoD has

declared ADA to he the primary language to be utilized in future militar projects.

Since mnost CD-ROM! access software on the market today is C-langyuagze oriented, thle

Navv Should d~irect research toward developing ADA programns to drive CD-RON!

aIph'carions. There Lire indications from the CD-ROM! Industry that ADA interl'aces

wvillbe available on the consumer markect within a few months. An alternative to this

.pproL1A would be ain interfa ce written to accomm-nodate any compiled code

rcoen iable in thle operating System extensions, theref'ore allowin2 sevra difeen

omlelld lanLcuacs to access it.

C. TLOCD PROTOIXPE IMPROVEMENT

* 1. Proposed System Modification

s :tdprevioli\Iv. the current _(LOCD sVstem accesses and searches three

disinc daabaesinI order to obtain transaction. closin e2 balance. and atudit trail

li~ler~v1aor oinrivntor. Item 1in~Q nns. Thle systemi should he moditied 1wv extractiriaI

.a~r~.i~s a di trm t1he klatabases 'a ithcut destroving the ,.epatratc ent. ties or

''atetreer file t; pes. I his cou)ldk he a ccomnplishled hy re~trncturi the

i)''c 11L 11 daa ldherMved traCM tile three fileS aind piaced In a sprt

:2!,:IN c wlCIh is henliked to tile othecr tables a multileI pointers Ion

th IN tC v'Or viat a1 c h aMIneI1 mchanisml fi-011 one a ble to thle ntl A.\t hoLI ug th

r; tb' at nlcs is niow Iincreased by one, sLIucLian arrangemeint does not imly1

.1z.



p~~. * e~t~: . e 11> '. .tc iiv :t~acu o ii abies relm"an III a 'C ,1:,,1

•: :.,ics :Cc c ',,c :'Or c.'Acr purr poscs. This new structure would provide thre TI.(, )K)
: 11c 0 witut duplicate data in SuCII a way that the separate entities associated with the

I -ILOCD files each have attributes that apply to that particular entity. Therelore. the

* ~: rae reqiretnent is reduced Without removing the 'Idea of' separatc en~tities--whIIin Is

'I requ1.iremenCt for TLOCD systemi control.

2. Functional Design Issues

In desimning a system such as TLOCD there are three issues of' primary

concern: database access, data search, and data retrieval. These criteria will now be

discussed in relationship with the proposed TLOCD modifications.

Accessing the TLOCD database involves locating and "opening" its index and

da.a files. The access Ifnction must search the CD-ROM datr.base director, for tlhe

C uc;, :D.e rpro v:dcd '. the user or the u.er s progranm. T e addrcess o ..i 1I e

Cont'oi Block IFCB is acquired from the database directory. The -CI3 xiil contain a

pointer to a list of' the key record indexes used for searching the database. It also will

contain a pointer to the beginning address of the actual data on the CD-ROM. This

"double-pointer" configuration allows the system to search a specified index for a key

record value and acquire the relative address of the record within the data file. The

pointer within the data file is then utilized to locate the record. In this way the integrity

of' the pointers can be maintained and subsequent searches can be conducted relative to

tihe current pointer positions. Such an access function requires two parameters--the

database name as an input parameter and the database address as an output

parameter.

The primary objective of the TLOCD system is to obtain historical data about

a particular NI IN For a specified date. Therefore. the most important fields within the

data records are the NIIN and date fields. The N[IN is used to generate a key record
2,:-dex. Ihe date ,eld is not used as an index generator. It would not provide a

practical key record index since there could be possibly hundreds or thousands of
tan,actions conducted on that particular date. Other ildis that would generate

1kadequite key record indexes include the National Stock Number (NSN) and the
r'.., rc:,uct nor rnc111C. l toxevcr, since the TILOCD system users deal primarily with the

\-I N and c1do1 L:I e the need f'or additional idcntiliers, no other key inde,,es woui ld

he it li/ed on a rcolor basis.

6.1
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N.\ . ':. inde \Cs are nunbered entI,v a11d the ilcr is o ]IlcriCd ls to

; '.u:en" index c cesires to .-'arc. lIowaever. since oniv the NIN inde, iis to !e crc:ited

for the TLOCD svstem modification, no juery is needed and the NIIN index is

sCiecZed by default. The user is prompted to enter the NIIN and the date if it is known

or desired. The NIIN is located in the index via a balanced tree search. A pointer is

then followed to a list of date records containing the dates on which the NIIN was

transacted and the oil'sets of their associated NIL N records within the file. Thie dates

are listed in ascending numerical order according to their Julian equivalents. The

NI IN record offset is retrieved, record address computed. and the pointer is moved to

the desired record of the NIIN file. Input parameters for such a search function

include: (1) the database address. (2) the index to be searched, (3) the NIIN. and (4

,he date. The function will return the record oflset in relation to the NIl\ file origin.'4 .

l-o : ate :is .speenied, the function wiil return the offset !or the earliest recorded

Stransacion .or the specified NIIN. See Figure 9.3 for an illustrative example.

Once the record is located in the data tile its contents must be retrieved and

displayed for the user. There are various methods that can be used to achieve the task.

One such method involves the use of a function similar to the "scan" function found in

the C programming language. In such a technique. the record is treated as a string of

lbytes and the string is "scanned" or read into a buffer. The .contents of the buf1'er are

then displayed on the screen. In order to make any sense of the data. other functions

- , must be called upon to format the record string into a readable medium. The record

size must be known so the scan function can determine how many bytes to transfer

into the buffer. This poses no problem for the TLOCD system since its records are of'

Lixed length. However. For variable length records, the scan function would have to be

-, desimed to look for a length field at the beizinning of each record--or else recc*vc th~e

information from the search function. Data retrieval can be similarly executed by strin,.
,n a nipula t on functions commonly lfound in such programming languages as Pascal and

\D\. Retrieval programs written in C warrant more consideration due to the

" -L" ~'ii ,-e s powerlul screen formatting functions.

3. Other Issues

J. No s,.stem desigen can afford to i,,nore the needs and desires of its mier

-'onr.cit. 5,.tews twat are not user friendly scldom make an impact in the markct

p1:!cC. Such eseat ia I I l.O(I) user response has indicated dissatisfiction with the

pae up and pace down" functions that permit them to move forvard or backward

. -
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K:v

INDEXES

0

tIIN INDEX

001233247

178650435

210096574

400912546

7765004231

JULIANJ DATE OFFSET

, 7112 123

7243 276

7279 6374

7363 920

Figure 9.3 Search fbr Specific NIIN.

v.1hiri the data file o rlh one record at a time. They Would benefit from a ,croll

.L .21 1'A ,Al would allow them to move Forward or hackwxard within the file a v

*.' um lr , records. Such a [liction wouid not he hard to imilefimnt and would oikld

lhe.ihbilv ort ucr.M- lic ucr would provide at intete r (poiti,.c or ncuoti,c) input I,

the ivof'r at records he wishes to scroll over. Siice the records are of hxed leneith.
,Ll-!l I 'yiMt:til could readily compute the new position of the record in the dato I Ic

11"d thea re'oitiou the pointer to that location. ' lie Ibuction would require thleU
i:ipuit parictcrs: I1 current pointer position. (2) record leneth, and (3) number of

rccr t, scroll. It would pass the new record location as aI output parameter. An
-iteipt to scroll post the beginning or end of' the data tile would result in retrieval of

th lirs. or lo't record in the file.

(65
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IN 1I an h i "j r:cs the% user as to wh)ethecr hie wants to view a JIw~iieig Ilani.c or)J

traure ord h the, M IN. Theret'ore, the user Is aware that hie inu~t deal 'vi"'I

-~~~" - .2 e':a ru' jcs. Th Ie use:' h as no n Ieed to kno0W suIchI in Iorniation and tlhe

C N t "I. Ir''I"''ren to scre.Fi-hrno.t en intorlI ac a Ihula

:s m dat Sroicross ,if l-c he LOCD relations upon each NMIN inqUiry. The

- :'u:wa:~dbea Filc sree wth mul.1tiple records beingI Used to provide trawsactiOn.

C aaanc, ad adittrail daI''ta aba t the NMIN. The neced no Ian -Cer exists t

or~:t ne user after each MIIN searchi to query the user about closineI- balance or

tra:1 dta.

UI'c e:u r, - icr -un n Lr1, L. 0 to a COT"'. :~aco xone ard 'es

t~x aecar: ny aaivedto 'pravIde uIser satisfhetion.

001



N. CONCLUSIONS AND RECO\1\IENDATIONS

iflc .U. is cosatyeploring. expcrimnltine.! Hnd ;Cc k I I ric,.v

:ecc~o~es inamer[o maintain a tactical advantace over its adversaries. C-R)N
teennaoog warranmts Immediate attenitionl anid funding lfor implementation and

at-L,1:cat ions developiment.

CD-RO applcatios proide a potential!%- valuable commoit ahe ..

Nav., at shore 1 falities anld on board ships at sea. The produIct is already proven and

taotian~alriksare miLiinial. Major shore f'acilities should proceed anid adopt plans

e:2n~~~~~e~II 'kr 1nntan achva dta"aSe' to C- R() NI a 'l Catin "Is ian

-L.C D systcni. ;hc 1%-,i Ic" IC isa aialnd is a ra:strtna oer

i:n: cn tche I n the electronic data proccss Ing industry. V\thiou,,h all

* :tt~lcmntaionretlectInge the proposed TLOCD modifIcations presented In the

previlous chapter cannot be carried out wi thin the scope and time Frame of this thesis. i

can be determined from the inf'ormation presented that such an Implementation is

Piau1sible anid doable within U.S. Navv environments.

CD-ROMl is Wte catalyst that will eventuallyv lead to the first paperless ship. Its

use InI :,T conction Wvith Other developing electronic tecInolocy-1 suLCh as, WOR NI makes,
the cl rechableIH. The NaxshIould designate a ship to Funcltion as a prototy\pe for

CD-ROMI conversion. The prototype must apply sound database design principles

suc:h as those emphasized in this study in order to Produce efliCIent and effctve

* prloniace.It itit aso ddrss the functionality of the user interfaces des*ined f-or

eachI Peclflc application onl on Independent basis. IF' these guidelines, are Collowed, the

(1-Ri ()N I apitin will produce immel)diate Cost savne11S and Increase c~liclency and
* aerat~cnalrcadinesl; bx providn lase aces to cItia data. IF cu~rrent research and

. ek~lpment cannot economically produce a FeCasible optical storage Solution (suIch aS
W)R\ (,r cmrasaOie 1is -)Ir coI11tLM1 cl1Iiaein data. thicii the ci nne, f br at

:>a:.s l -In e icar lturctl- are reamlk reduIcd. Re'-'ndlCSs of' Ihat outcomeI!.

A
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